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Appl. No. 1 0/79 1 , 1 66 PATENT 

Amdt. dated March 17, 2006 

Reply to Office Action of November 18, 2005 

REMARKS/ARGUMENTS 

Upon entry of this amendment, claims 1, 4, 7, 10 and 13 are pending in the 
application. Claims 2-3, 5-6, 8, 9, 1 1-12 and 14-18 have been canceled without prejudice to 
subsequent revival. Claim 1 has been amended. Entry of the amendment, reconsideration of the 
rejection, and allowance of claims 1, 4, 7, 10 and 13 are respectfully requested. 

The Amendment 

In order to expedite prosecution of the application and advance the case toward 
allowance, the claims have been amended. No new matter was added by the amendment. 

Claim 1 has been amended to specify that the condition is selected from the group 
consisting of rheumatoid arthritis, alveolitis and atherosclerosis. Support for this amendment can 
be found in the specification, for example, in paragraph 0006. Therein, the Applicants disclose 
that MCP-1 has been implicated as an important factor in mediating monocytic infiltration of 
tissues in inflammatory processes such as rheumatoid arthritis and alveolitis as well as 
atherosclerosis. See, e.g., Koch, J. Clin. Invest. 90:772-79(1992) and Jones, J. Immunol. 
149:2147-54 (1992) (incorporated by reference in the specification in paragraph 0006; copies are 
enclosed for the Examiner's convenience). Additional support can be found, for example, in 
paragraph 0008 and in Boring et al. (1998) Nature 394:894-897 (a copy is enclosed for the 
Examiner's convenience). 

Claims 1 and 10 have been amended to specify that the antagonist is presented in 
a pharmaceutical composition (as in canceled claims 3 and 12) rather than a pharmaceutical 
carrier. This provides correct antecedent basis for dependent claims 4 and 13. Support for this 
amendment can be found on page 9, paragraph 0018. 

Priority 

The Office Action notes that Application No. 08/182,962 which was filed on 
January 13, 1994, provides support for administration of MCP-1 receptor antagonists for 
treatment of disease, but MCP-1 receptor antagonists are allegedly not the same as antibodies. 
The Examiner alleges that according to the '962 specification (and all other applications from 
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which the instant application claims priority), antagonist are structurally undefined and are to be 
identified by performing screening assays. The Office Action concludes that the filing date for 
the claims drawn to methods of treating disease by administering antibodies receive the benefit 
of March 1, 2004. The Applicants are urged to point out the specific page and line numbers of 
the previously filed applications that provide support for the concept of administering antibodies 
for the treatment of disease if the Applicants disagree with the Examiner's determination of 
priority. 

It is stated for the record that claim 1 (drawn to a method for inhibiting a 
condition characterized by monocytic infiltrates via administering an MCP-1 receptor antagonist 
such as an antibody which binds to an MCP-1 receptor polypeptide) should be assigned the 
priority date of January 13, 1995 in accordance with the parent application 08/446,669, now U.S. 
Patent No. 6,132,987 (herein the '987 patent). The '987 patent incorporates by reference U.S. 
Patent No. 5,194,375 which teaches the use of monoclonal antibodies as antagonists for receptor 
proteins (see column 16, line 59 of the '987 specification). This is evidenced by the instant 
specification, particularly paragraphs 0084 and 0085. The instant specification teaches the 
following in paragraphs 0084 and 0085: 

[0084] The antagonist is identified by adding an effective amount of an organic 
compound to the culture medium used to propagate the cells expressing the N-terminal domain 
of MCP-1 receptor. An effective amount is a concentration sufficient to block the binding of 
MCP-1 to the receptor domain. The loss in binding of MCP-1 to the receptor may be assayed 
using various techniques, using intact cells or in solid-phase assays. 

[0085] For example, binding assays similar to those described for IL-7 in U.S. 
Pat. No. 5,194,375 may be used. This type of assay would involve labelling MCP-1 and 
quantifying the amount of label bound by MCP-1 receptors in the presence and absence of the 
compound being tested. The label used may, for example, be a radiolabel, e.g., .sup. 125 I or a 
fluorogenic label. 
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U.S. Patent No. 5,194,375 which is incorporated by reference in paragraph 0085 
states the following in column 19, Example 6, lines 56-66 of its specification: 

Preparation of Monoclonal Antibodies to IL-7R 

Preparations of purified recombinant IL-7R, for example, human IL-7R, or 
transfected COS cells expressing high levels of IL-7R are employed to generate 
monoclonal antibodies against IL-7R using conventional techniques, for example, 
those disclosed in U.S. Pat. No. 4,41 1,993. Such antibodies are likely to be useful 
in interfering with IL-7 binding to IL-7 receptors, for example, in ameliorating 
toxic or other undesired effects of IL-7, or as components of diagnostic or 
research assays for IL-7 or soluble IL-7 receptor. 

The specification further states in paragraph 18 on page 6: 
[0018] A further aspect of the invention therefore are pharmaceutical 
compositions containing a therapeutically effective amount of an MCP-1 
antagonist identified using the assays of this invention. Such MCP-1 antagonist 
compositions may be employed in therapies for atherosclerosis, cancer and other 
diseases characterized by monocytic infiltrates. An additional aspect therefore, 
the invention includes a method for treating these and/or other diseases and 
pathological states by administering to a patient a therapeutically effective 
amount of MCP-1 antagonist, or an active fragment thereof, in a suitable 
pharmaceutical carrier. [Emphasis added.] 

Thus, it is clear from the specification (and parent specifications) that the 
Applicants have contemplated the use of antibodies to the MCP-1 receptor for the treatment of 
diseases that are characterized by monocytic infiltration in 1995. One of skill in the art would 
understand that the use of antibodies (including monoclonal antibodies) as antagonists to MCP-1 
receptor could be easily accomplished by following the teachings of U.S. Patent No. 5,194,375 
and the conventional techniques of U.S. Pat. No. 4,41 1,993. Just as antibodies are useful in 
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interfering with IL-7 binding to IL-7 receptors, the same is true for antibodies to MCP-1 
receptor. Such antibodies would interfere with MCP-1 ligand binding to MCP-1 receptors, 
thereby acting as antagonists. Thus, the Applicants must not re-teach how to use antibodies as 
antagonists to a receptor protein if others have already taught so in the prior art. Such 
antagonists can be used to inhibit monocytic infiltration as taught by the specification. 

Rejections Under 35 U.S.C. SI 12 

Claims 1, 4, 7, 9-10, 13, 16 and 18 are rejected under 35 U.S.C. §112, first 
paragraph, as being allegedly not enabled. The Examiner states that the specification is enabling 
for a method of administration of anti-MCP-1 receptor antibodies but is allegedly not enabling 
for inhibition of any condition characterized by monocytic infiltrates. Thus, the Examiner 
maintained the rejection. 

The rejection is respectfully traversed to the extent that it applies to the claims as 

amended. 

In order to advance the case towards allowance, the claims have been further 
amended. Claim 1 has been amended to specify that the condition characterized by monocytic 
infiltrates is rheumatoid arthritis, alveolitis or atherosclerosis. Claims 16 and 18 has been 
canceled. 

With respect to the conditions characterized by monocytic infiltrates, the 
Applicants disclose that MCP-1 has been implicated as an important factor in mediating 
monocytic infiltration of tissues in inflammatory processes such as rheumatoid arthritis and 
alveolitis. See, e.g., Koch et al.,J. Clin. Invest 90:772-79(1992) and Jones et al.,J. Immunol. 
149:2147-54 (1992). See paragraph 0006 of the specification. Koch et al showed that patients 
who suffer from rheumatoid arthritis have significantly elevated levels of serum MCP-1 
compared to normal serum MCP-1 levels and that MCP-1 itself may function to activate newly 
recruited mononuclear phagocytes, thereby perpetuating the inflammatory response in the 
synovial tissue {e.g., MCP-1 has been shown to activate monocytes) (see page 778, Koch et al 9 
1st column, last paragraph, and 2nd column, first paragraph). Jones et al. studied the functional 
role of MCP-1 in rat models of human disease and showed that MCP-1 plays an important role in 
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the pathogenesis of IgA immune complex alveolitis (i.e., IgA immune complex-induced lung 
injury) in rats. Lung injury is mediated by infiltration of monocytes and macrophages (see page 
2 1 48, Jones et al , 1 st column, 1 st and 2nd paragraphs). 

Further, the Applicants have continued their work as evidenced by Boring et al 
(1998) Nature 394:894-897 (a copy is enclosed for the Examiner's convenience). In Boring et 
al, the Applicants have shown that MCP-1 is linked to the development of atherosclerosis (see 
abstract). The Applicants generated mice that lack the MCP-1 receptor and crossed them with 
mice that lack apolipoprotein E (which develop severe atherosclerosis). The Applicants then 
showed that the selective absence of the MCP-1 receptor decreases the lesion formation quite 
markedly in apolipoprotein E lacking mice (see abstract). Thus, the Applicants were able to 
determine that the MCP-1 receptor is a genetic determinant of atherosclerosis in vivo and they 
provided strong evidence for a direct non-cholesterol mediated effect of MCP-1 in macrophage 
recruitment and atherogenesis (see page 896, second column, second paragraph). 

Thus, it is clear from these publications and the teachings of the specification that 
the blocking of MCP-1 to its MCP-1 receptor interferes with monocytic infiltration which is 
implicated in a variety of diseases. The courts have repeatedly held that a "patent need not teach, 
and preferably omits, what is well known in the art" (Lindemann Maschinenfabrik GMBH v. 
American Hoist and Derrick Company etal, 221 USPQ 481 (Fed. Cir. 1984)). 

Further, the Examiner has conceded the following points: 

• the amount of experimentation required to make an antibody which binds 
to SEQ ID NOS: 2 and 4 and inhibits the activity of the receptor is not 
undue 

• there is sufficient guidance to which antibodies can be used in light of the 
amendments to claim 1 

• paragraph 0028 provides support for adequate enablement of conditions 
characterized by monocytic infiltrates 
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However, the Office Action indicates that the Applicants have argued that there is 
adequate support for the limitation "therapeutically effective amount", which appears in claim 
10. Herein, the Office Action indicates that the specification does not provide adequate guidance 
for the skilled artisan to be able to administer a therapeutically effective amount, despite the 
disclosed range of about 10 ug to about 1 mg per ml per dose administered. Specifically, the 
Examiner states that this range is very broad and since the units are recited in "per milliliter per 
dose administered" and there is allegedly no guidance as to how many ml are to be administered, 
it is only guidance to the concentration but not to the dose, and trial-and-error experimentation 
would be allegedly required by the skilled artisan. 

As indicated in the Applicant's last response, the specification provides a clear 
definition of an effective amount in paragraph 0084, i.e., a concentration sufficient to block the 
binding of MCP-1 to the receptor domain. This can be measured, for example, by calcium flux 
(see page 38, paragraph 0130 of the specification; MCP-1 induced a rapid rise in intracellular 
calcium in 293 cells that were stably transfected with MCP-1 RB). The Applicants teach on page 
40 (see paragraph 0135) that the hallmark function of MCP-1 is the induction of chemotaxis (i.e., 
the migration of cells along a concentration gradient) and that modest increases in intracellular 
calcium are sufficient to initiate and support monocyte chemotaxis. In addition, the skilled 
artisan is fully aware that the effective amount of an antibody is the concentration sufficient to 
block the binding of the ligand to its receptor, thereby preventing receptor activation. Since the 
Examiner has conceded that it does not require undue experimentation to make an antibody 
which binds to SEQ ID NOS: 2 and 4 in order to inhibit the activity of the receptor, this rejection 
should be withdrawn. 

The Applicants have previously indicated that the use of an antibody is considered 
a routine procedure which was acknowledged by the Examiner (please see the Applicants 1 last 
response filed on September 27, 2005, page 11). The effective amount of an antibody that binds 
to a receptor protein in order to inhibit the activation thereof is part of the standard practice in the 
art of molecular biology. In addition, the effective amount of the antibody is taught to be about 
10 ng/ml to about 1 mg/ml. The Office Action indicates that this range is very broad and that 
there is allegedly no guidance as to how many milliliters are to be administered. However, such 
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determination is routine and not undue. The Examiner is reminded that some experimentation is 
permissible. 

'The fact that experimentation may be complex does not necessarily make it 
undue, if the art typically engages in such experimentation" (In re Certain Limited Charge 
Cell Culture Microcarriers, 221 USPQ 1 165, 1 174 (Int'l Trade Comm'n 1983), affd. sub nom. 5 
Massachusetts Institute of Technology v. A. B. Fortia, 11 A F.2d 1 104, 227 USPQ 428 (Fed. Cir. 
1985). 

In light of the amendments and arguments presented above, the rejection of 
claims 1, 4, 7, 9-10 and 13 under 35 U.S.C. §112, first paragraph, should be withdrawn. 

Claims 1, 4, 7, 9-10, 13, 16 and 18 are rejected under 35 U.S.C. §112, first 
paragraph for allegedly lacking written description. The Examiner concedes that the term "about 
10 M-g/ml to about 1 mg/ml" appears in the instant specification and the parent specifications. 
However, according to the Office Action, the recitation of this term is drawn to the effective 
amount of uncharacterized antagonist which is to be identified via a screening assay, and the 
recitation of this term does allegedly not constitute adequate support for administration of 
antibodies at this concentration. 

The rejection is respectfully traversed. 

Applicants point the Examiner to paragraphs 0084 and 0085 of the specification, 
wherein the Applicants discuss how to identify antagonists, including antibodies. As indicated 
above, the Examiner has conceded that there is sufficient guidance to which antibodies can be 
used in the claimed methods. The effective amount of an antibody that binds to a receptor 
protein in order to inhibit the activation thereof is a standard practice in the art. 

Moreover, MPEP 2163 indicates that the description need only describe in detail 
that which is new or not conventional (see Hybritech v. Monoclonal Antibodies, 802 F.2d at 
1384, 231 USPQ at 94). In addition, the courts have held that "disclosure of an antigen fully 
characterized by its structure, formula, chemical name, physical properties, or deposit in a public 
depository provides adequate written description of an antibody claimed by its binding affinity to 
that antigen." (see Noelle v. Lederman, 355 F.3d 1343, 1349, 69 USPQ2d 1508, 1514 (Fed. Cir. 
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2004). Since the structure of the MCP-1 receptor is known and making and using an antibody to 
a receptor protein is standard in the art, the written description requirement is met and the 
rejection should be withdrawn. 

The Office Action further states that all recitations of administration of 
monoclonal antibodies are considered new matter because they were allegedly not contemplated 
in the parent specifications. The Applicants have addressed this issue in detail in the priority 
section wherein it is shown that antibodies were contemplated in 1995 (please see above). 

Claim 18 is rejected under 35 U.S.C. §112, second paragraph for allegedly being 
indefinite. Claim 18 has been canceled. Thus, this rejection is moot. 

Rejection under 35 U.S.C. 8102(b) 

Claims 1, 7, 9, 10, 13, 16 and 18 are rejected under 35 U.S.C. § 102(b), for 
allegedly being anticipated by LaRosa et al, U.S. Patent No. 6,3 12,689. 
This rejection is respectfully traversed. 

Since La Rosa et al was issued on November 6, 2001 and the instant application 
has a priority date of January 11, 1995, La Rosa et al does not qualify as a reference under 35 
U.S.C. § 102(b). The issue of priority has been addressed in detail in the priority section above. 
Claims 16 and 18 have been canceled. 

Rejection under 35 U.S.C. S103(a) 

Claims 4 and 13 are rejected under 35 U.S.C. §103(a), for allegedly being obvious 
over LaRosa et al, U.S. Patent No. 6,312,689. 

The rejection is respectfully traversed. 

As indicated above, La Rosa et al was issued on November 6, 2001 and the 
instant application has a priority date of January 1 1, 1995. Thus, La Rosa et al does not qualify 
as a reference under 35 U.S.C. § 103(a) either. 
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PATENT 



CONCLUSION 



In view of the foregoing, Applicants believe all claims now pending in this 



Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 
early date is respectfully requested. 



If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 415-576-0200. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 941 1 1-3834 

Tel: 415-576-0200 

Fax:415-576-0300 



Attachments: Publications by Jones et al. and Koch et al. and Boring et al. 

60699986 v2 




Brigitte A. Hajos 
Reg. No. 50,971 
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Abstract 

Cells within the synovial tissue may recruit mononuclear phago- 
cytes into the synovial fluid and tissues of arthritic patients. We 
investigated the production of the chemotactic cytokine mono* 
cyte chemoattractant protein-1 (MCP-1) using sera, synovial 
fluid, synovial tissue, as well as macrophages and fibroblasts 
isolated from synovial tissues from 80 arthritic patients. MCP- 
1 levels were significantly higher (P < 0.05) in synovial fluid 
from RA patients (mean 25£±8.1 ng/ml |SE|) compared to 
synovia] fluid from osteoarthritis (OA) patients (0.92±O.08) t 
or from patients with other arthritides (2S±1£). MCP-1 lev- 
els in RA sera (8.44±2J3) were significantly greater than 
MCP-1 In normal sera (0.16±0.06 ) . The quantities of RA syno- 
vial fluid EL-8, which is chemotactic for neutrophils and lym- 
phocytes, and MCP-1 were strongly positively correlated (P 
< 0.05). To examine the cellular source of MCP-1, RA syno- 
vial tissue macrophages and fibroblasts were isolated. Synovial 
tissue fibroblasts did not express MCP-1 mRNA, but could be 
induced to produce MCP-1 by stimulation with either IL-10, 
tumor necrosis factor-alpha (TNF-a), or LPS. In contrast, un- 
like normal peripheral blood monocytes or alveolar macro- 
phages, RA synovial tissue macrophages constitutively ex- 
pressed MCP-1 mRNA and antigen. Immtmohistochemkal 
analysis of synovial tissue showed that a significantly greater 
percentage of RA macrophages (50±8% ) as compared to either 
OA macrophages (5±2) or normal macrophages (1±03) 
reacted with anti-MCP-1 antibodies. In addition, the synovial 
lining layer reacted with MCP-1 in both RA and OA synovial 
tissues. In contrast, only a minority of synovial fibroblasts 
( 1 8±8% ) from RA synovium were positive for immunolocaliza- 
tion of MCP-1 . These results suggest that synovial production 
of MCP-1 may play an important role in the recruitment of 
mononuclear phagocytes during inflammation associated with 
RA and that synovial tissue macrophages are the dominant 
source of this cytokine. (/. Clin. Invest 194)2. 90:772-779.) 
Key words: mononuclear phagocytes • chemotaxis • cytokine • 
synovium • synovial fluid 

Introduction 

Synovial tissue macrophages are important in mediating RA 
joint destruction, mainly due to their ability to process antigen 
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and release a variety of cytokines, including IL-1, -6, -8, trans- 
forming growth factor-beta, tumor necrosis factor-a (TNF- 
a), 1 and the colony-stimulating factors, macrophage colony- 
stimulating factor- 1 and granulocyte-macrophage colony-stim- 
ulating factor (GM-CSF) (1-15). In addition, macrophages 
mediate the fibroproliferative phase of RA by producing angio- 
genic activity (16, 17). Furthermore, synovial macrophages 
may influence synovial fibroblasts to liberate the cytokines IL- 
6, -8, and GM-CSF, via TNF-a and IL-1, thus creating an 
operative cytokine network in the joint. 

The mechanism by which synovial monocytes are recruited 
into synovial tissues and fluids has not been fully elucidated. 
Synovial tissue blood vessel endothelial cells express adhesion 
molecules like vascular cell adhesion molecule-l, which can 
mediate the binding of monocytes to blood vessels ( 1 8, 19 ). In 
addition, it is likely that chemoattractants released by cells in 
the synovial tissue and fluid recruit mononuclear phagocytes 
into the joint 

Recently a chemotactic cytokine, termed monocyte che- 
moattractant protein-1 (MCP-1 ) has been identified (20-23). 
This chemotaxin is expressed by a variety of cell types, includ- 
ing leukocytes, smooth muscle cells, endothelial ceils, fibro- 
blasts, epithelial cells, and tumor cell lines (20, 24-32). More- 
over, this cytokine appears to have selective chemotactic activ- 
ity for mononuclear phagocytes. The role of this cytokine in 
the inflamed RA joint has, as yet, not been denned. 

In this study, we demonstrated significantly greater MCP- 1 
levels from synovial fluids of patients with RA as compared 
with osteoarthritis (OA) or other inflammatory and nonin- 
flammatory arthritides. Patients with RA had increased levels 
of MCP-1 in their serum as compared to normal volunteers. 
Furthermore, levels of MCP-1 and another chemotaxin, IL-8, 
were strongly and positively correlated from synovial fluids 
and sera of RA patients. Isolated RA synovial tissue fibroblasts 
expressed MCP-1 mRNA and protein in response to either 
LPS, IL-10, or TNF-a stimulation. Isolated RA tissue macro- 
phages constitutively expressed both MCP-1 mRNA and anti- 
genic MCP-1. Finally, we identified MCP-1 by immunohisto- 
logy in a significantly greater percentage of RA than OA syno- 
vial tissue macrophages. 

Methods 

Reagent preparation. Human recombinant IH0 with a sp act of 30 
U/ng was a gift from The Upjohn Co. (Kalamazoo, MI). Human 
recombinant TNF-a with a sp act of 22 U/ng was a gift from Genen- 
tech (San Francisco, CA). Human recombinant MCP-1 and IL-8 were 
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purchased from Peprotech. Inc. ( Rocky Hill, NJ ). Lipopolysaccharide 
(Escherichia coli 01 1 1; B4) was obtained from Sigma Chemical Co. 
(St. Louis, MO). Polyclonal antihuman IL-8 and MCP-1 were pro* 
duced by immunization of rabbits with recombinant IL-8 or MCP-1 
with CFA. MAb Leu-M5( anti-CD 1 Ic, pi 50,95, CR4 receptor) detects 
monocytes and macrophages (Becton Dickinson & Co., Mountain 
View, CA) as does mAb HAM56 (Enzo Biochem Inc., New York, 
NY). MAb FVIH detects Factor VIH-related antigen present on endo- 
thelial cells ( Dakopatts, Carpinteria, CA). 

Patient population. Synovial fluids were isolated from patients with 
either RA, OA, or other arthritides during therapeutic arthrocentesis. 
Serum specimens were obtained from some of the RA patients as well 
as from healthy volunteers. Synovial tissue was obtained from patients 
undergoing total joint replacements who met the American College of 
Rheumatology criteria for RA or OA ( 32, 33 ) . Normal synovial tissues 
were obtained from fresh autopsies. Synovial tissues from these pa- 
tients were snap frozen in OCT ( Miles Laboratories Inc., Elkhart, IN) . 
Alternatively, fresh RA tissues were used for isolation of macrophages 
or fibroblasts (see below). All specimens were obtained with Institu- 
tional Review Board approval. Patient demographic information in- 
cluded synovial fluid leukocyte and differential counts. 

Isolation of human RA synovial tissue fibroblasts and macrophages 
and preparation of conditioned media. Fresh synovial tissues were 
minced and digested in a solution of disease, collagenase, and DNase, 
as previously described (16-18, 34). Synovial fibroblast cells were cul- 
tured in RPMI plus 10% FCS containing 1 mM glutamine, 25 mM 
Hepes, lOOU/ml penicillin, 100 ng/ ml streptomycin (Gibco Laborato- 
ries, Grand Island, NY), and 1% nonessential amino acids (complete 
media) in 75-mm tissue culture flasks (Costar Corp., Cambridge, 
MA). Upon reaching confluence, the cells were passaged by brief tryp- 
sinization as previously described (16). The cells were used at passage 4 
or older, at which time they were a homogenous population of fibroblas- 
tic cells. The cells were plated at a concentration of 8.8 X 1 0 4 cells/well 
in 24-weII plates (Costar Corp.) in 1 ml serum-free RPMI. Various 
concentrations of IL-l/3, TNF-a, or LPS in RPMI were added, and 
conditioned media harvested. 

For isolation of synovia) tissue macrophages, the tissues were 
minced and digested as described above. The resultant single-cell sus- 
pensions were fractionated into density-defined subpopulations by iso- 
pyknic centrifugation through continuous preformed Percoll gradients 
(Pharmacia Inc., Piscataway, NJ). Macrophages were enriched by ad- 
herence to fibronectin-coated collagen gels and selective trypsinization 
(incubation with trypsin:EDTA for 5- 10 min) ( 16, 1 7, 34, 35). Macro- 
phages were harvested from the collagen gels by treatment with clostri- 
dial collagenase and found to be ^ 90% pure, as assessed by F c receptor- 
mediated phagocytosis of IgG opsonized sheep red blood cells, esterase 
staining, and staining with commercial antimacrophage mAbs ( 16, 
17). For preparation of conditioned medium, freshly isolated macro- 
phages were incubated in DME + gentamicin at 1 x !0 6 cells/ml, and 
supernatants collected after 24 h. 

MCP-1 EJJSA. Antigenic MCP-1 was measured using a modifica- 
tion of a double ligand method as previously described (36). In brief, 
96-well plates (Nunc, Kamstrup, Denmark) were coated with 50 u\f 
well rabbit anti-MCP-1 ( 3.2 Mg/ml in 0.6 M Nad, 0.26 M HjB0 4 , and 
0.08 N NaOH, pH 9.6) for 16 h at 4°C and then washed in PBS, pH 
7.5, 0.05% Tween-20 (wash buffer). Nonspecific binding sites were 
blocked with 2% BSA in PBS ( 200 u\ ) , and the plates incubated for 90 
min at 37°C. Plates were rinsed (3x) with wash buffer and diluted 
(neat, 1:5, and 1:10) test sample (50 p\) in duplicate was added, fol- 
lowed by incubation for I h at 37°C. Plates were washed (4x) and 50 
A*l/ well biotinylated rabbit anti-MCP-1 (6 Mg/ml in PBS, pH 7.5, 
0.05% Tween-.20, 2% FCS) added for 45 min at 37°C Plates were 
washed (4X), streptavidin-peroxidase conjugate ( 100 Mg/ml) (Dako 
patts) added, and the plates were incubated for 30 min at 37°C. The 
plates were washed ( 3x ) and 100 u\ chromogen substrate (0.67 mg/ml 
orthophenylenediamine dichloride) (Dako patts) added. The plates 
were incubated at 25°C for 6 min, and the reaction terminated with 50 
/xl/well of 3 M H 2 S0 4 solution in wash buffer plus 2% FCS. Plates were 




read at 490 nm in an ELISA reader. Standards were log dilutions of 
recombinant MCP-1 from 1,000 ng/ml to 1 pg/ml (50 M l/well). The 
ELISA consistently detected MCP-1 concentrations > 0.05 ng/ml. 

IL-8 ELISA. Antigenic IL-8 was measured using a modification of 
a double ligand method as previously described using polyclonal anti- 
IU8 ( I ). The assay was standardized using human recombinant IL-8. 

Northern blot analysis. Total cellular RNA was obtained from 2.5 
X 10* macrophages or confluent fibroblasts in 1 00- mm tissue culture 
dishes using a modification of Chirgwin et al. and Jonas et al. ( 37-39). 
Briefly, cells were scraped into a solution containing 25 mM Tris, pH 
8.0, 4.2 M guanidine isothiocyanate, 0.5% Sarkosyl, and 0.1 M 2-mer- 
captoethanol. After homogenization, the suspension was added to a 
solution containing an equal volume of 100 mM Tris, pH 8.0, 10 mM 
EDTA, and 1% SDS. The mixture was then extracted with chloroform- 
phenol and chloroform-isoamyl alcohol. The RNA was alcohol precipi- 
tated and the pellet dissolved in diemylpyrocarbonate-treated H 2 0. 
Total RNA was separated by Northern analysis using formaldehyde, 
I % agarose gels, transblotted onto nitrocellulose, baked, prehybridized, 
and hybridized with a M P-5' end-labeled oligonucleotide probe. A 30- 
mer oligonucleotide probe was synthesized using the published cDNA 
sequence for human-derived MCP- 1 ( 20) . The probe was complemen- 
tary to nucleotides 256-285 and had the sequence 5 -TTG-GGT-TTG- 
CTT-GTC-CAG-GTG-GTC-CAT-GGA-3'. Blots were washed and au- 
toradiographs were quantitated using laser densitometry (Ultrascan 
XS; LXB Instruments, Inc., Houston, TX). Equivalent amounts of 
total RNA/gel were assessed by monitoring 28s and 18s rRNA. 

Bioassayfor chemotactic activity for monocytes. Chemotaxis of 
monocytes was performed as previously described (24). Normal hu- 
man mononuclear cells were obtained from peripheral blood by Ficoll- 
Hypaque density gradient centrifugation. Monocytes were suspended 
in HBSS with calcium and magnesium (Gibco Laboratories) at 3 x 1 0 6 
cells/ ml with > 95% viability by trypan blue exclusion. In brief, 1 50 n\ 
of synovial fluid or synovial tissue macrophage conditioned medium 
which was diluted 1:1 with HBSS, 10' 1 M FMLP (Sigma Chemical 
Co.), or HBSS alone were placed in duplicate bottom wells of a blind- 
well chemotaxis chamber. A 5-pm pore size polyvinylpyrrolidone- free 
polycarbonate filter (Nuclepore Corp., Pleasanton, CA) was placed in 
the assembly and 250 jd of monocyte suspension placed in each of the 
top wells. Chemotaxis chambers were incubated at 37°C in humidified 
95% air/5% C0 2 for 2 h. The filters were removed, fixed in absolute 
methanol, and stained with 2% toluidine blue (Sigma Chemical Co.). 
Monocytes that had migrated through to the bottom of the filter were 
counted in 10 high power fields (x 1,000). 

Immunoperoxidase staining. 4-^m sections of frozen tissues were 
cut, and immunoperoxidase stained using an avidin-biotin technique 
(Vector Laboratories, Burlingame, CA) (34, 40-44). Slides, air dried 
for 2-16 h, were fixed in cold acetone for 20 min. Endogenous peroxi- 
dase activity was quenched by incubating the slides for 30 min in 0.3% 
hydrogen peroxide in methanol. All subsequent incubations were per- 
formed for 1 5 min at 37°C in a moist chamber. The tissue sections were 
pretreated with 50 jd diluted normal horse serum ( 135 /il horse serum 
in 10 ml 1% PBS-BSA), incubated with either rabbit anti-human 
MCP-1, preimmune rabbit serum, mAb Leu-M5, mAb HAM56, or 
control mAb and washed ( 2x ) . The slides were incubated with a 1 :400 
dilution of anti-mouse biotinylated antibody in PBS-BSA, washed 
(2x ) with PBS, incubated with avidin /biotinylated horseradish perox- 
idase complex, and washed with PBS (2X). Slides were then stained 
with diaminobenzidine tetrahydrochloride substrate for 5 min at room 
temperature, rinsed in tap water for 2 min, counterstained with Harris* 
hematoxylin, and dipped in saturated lithium carbonate solution for 
bluing. Serial tissue sections were examined to determine the percent- 
age of each cell type expressing antigenic MCP-1 ( 18, 34, 43). 

Cytospin preparations of isolated RA synovial tissue macrophages 
were made using I0 5 cells per slide in a cytospin (Shandon I; Shandon 
Inc., Swickley, PA). Slides were stained using immunohistochemistry 
as described above. 

Statistical analysis. Statistical analysis was performed using analy- 
sis of variance (45, 46). P values < 0.05 were considered significant. 
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Results 

MCP-l is elevated in both RA synovial fluid and sera. In initial 
experiments, MCP-l was measured by ELISA using samples 
obtained from 27 patients (Fig. I ). The patients with RA had 
the greatest levels of MCP-I (mean 25.5±8.I ng/ml). OA pa- 
tients as compared with RA patients had significantly less 
MCP-l in their synovial fluids (0.92±0.08 ng/ml, P < 0.05). 
Patients with other forms of inflammatory and noninflamma- 
tory arthritis including polymyositis, Reiter's syndrome, 
chronic lymphocytic leukemia, and mixed connective tissue 
disease had a mean of 2.9± 1.5 ng/ml of synovial fluid MCP-l , 
which was also significantly less than patients with RA (P 
<0.05). 

To determine whether peripheral blood from patients with 
RA also contained significant quantities of MCP-l compared 
to normal volunteers, serum MCP- 1 levels were determined by 
ELISA using 19 RA samples (Fig. 1). Serum levels of RA 
MCP-l ranged from <0.08 ng/ml to 179.2 ng/ml (mean 
22.4±8.9). In contrast normal sera obtained from 10 volun- 
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Figure 2. Positive correlation between serum antigenic MCP-l and 
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Figure 3. Time-dependent generation of synovial fibroblast MCP-I by 
LPS, and IL-10 stimulation. RA fibroblasts (8.8 X 10 4 cells/well) 
were cultured in serum-free RPMI for various time periods. Results 
represent the mean±SE from two patient samples. Six replicates of 
each sample were assayed. — • — , LPS(1 Mg/ml); — y— , 
(20 ng/ml); — a — , nontreated. 



teers contained significantly less MCP-I (<0.05 to 0.72 ng/ 
ml) (mean (U6±0.06, P < 0.05). The high levels of MCP-l 
present in the RA sera were not attributable to rheumatoid 
factor in these samples, since there was no correlation between 
rheumatoid factor positivity (using rabbit IgG) and MCP-I 
levels. 

Positive correlation between synovial fluid and serum 
MCP-l and IL-8 levels. Since cells of the synovial milieu might 
concomitantly recruit both monocytes and other inflamma- 
tory leukocytes, we wished to determine whether those patients 
who produced large quantities of MCP-l also produced large 
quantities of IL-8. ELISA assays were performed on the sera 
and synovial fluids of arthritic patients to determine the quan- 
tities of IL-8 produced. Comparing RA synovial fluid MCP-l 
and IL-8 levels, a significant positive correlation (r = 0.57, P 




Figure 4. (A) Inducible 
RA fibroblast MCP-l 
gene expression. Repre- 
sentative Northern blot 
of RA synovial fibro- 
blasts which were cul- 
tured for 8 h in serum- 
free media with or with- 
out LPS (1 pg/ml), 
IL-I0(2O ng/ml), or 
TNF-a (20 ng/ml). 
MCP-l message was ab- 
sent without stimula- 
tion. OH, control un- 
treated fibroblasts. (B) 
Laser densitometry of 
MCP-I mRNA. (C) 
I8S and 28S rRNA to 
demonstrate equivalent 
loading ofRNA in A. 
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Figure 5. (A) A representative Northern 
blot showing MCP-1 gene expression 
from freshly isolated RA synovial tissue 
macrophages from two patients. (B) 18S 
and 28S rRNA demonstrating equivalent 
loading of total RNA in A . ( C) Immuno- 
peroxidase stained cytocentrifuge prepa- 
ration of freshly isolated RA synovial 
macrophages showing MCP-1 antigen ex- 
pression (arrows) (X816). 



< 0.05) was found. Similarly, synovial fluid from other arthri- 
tides contained MCP-1 and IL-8 levels which were also 
strongly positively correlated (r = 0.96, P < 0.05). RA serum 
MCP-1 and IL-8 levels were correlated, implying a parallel re- 
lationship between the amounts of chemotactic cytokines re- 
leased specific for differing leukocyte populations in this dis- 
order (Fig. 2, r = 0.67, P < 0.05). 

RA synovial fibroblast production of MCP-1. To ascertain 
whether cellular constituents of the synovial tissue were able to 
produce MCP-1 in vitro, isolated cell populations from RA 
synovial tissues were examined. RA fibroblast cells appeared to 
be a homogenous cellular population of cells with elongated 
processes. No rounded cells were present. Moreover, RA fibro- 
blasts were esterase negative, and nonreactive with the antima- 



crophage mAbs Leu-M5 and HAM 56, excluding the presence 
of contaminating macrophages. Cytocentrifuge preparations of 
fibroblasts did not react immunohistochemically with mAb 
FVM, excluding the presence of contaminating endothelial 
cells. LPS induced fibroblast MCP-1 release at concentrations 
of 100 ng/ml and above. In contrast, as little as 0.02 ng/ml 
IL-1/? or TNF-a induced fibroblast MCP-1 release. Maximal 
stimulatory concentrations of IL-1/3 and TNF-a were 0.2 ng/ 
ml and 20 ng/ml, respectively. Time-dependent generation of 
MCP-1 is shown in Fig. 3. LPS-induced fibroblast MCP-1 in- 
creased steadily over 24 h as did IL- 1 -0 induced MCP- 1 . While 
LPS induced 1.62±0.8 ng/ml (SE) MCP-1, IL-10 induced 
5.7±0.78 ng/ml MCP-1. Nonstimulated fibroblasts released 
6.29±0.78 ng/ml MCP-1. Fibroblast MCP-1 gene expression 
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Table I. Chemotaxis of Monocytes in Response to RA Synovial 
Fluids and RA Synovial Tissue Macrophage Conditioned 
Medium Compared to MCP- J Protein Levels Determined by 
ELISA Assay 



cells/high 
power field 
(x 1,000) 



MCP- 1 



FMLP(!0" 1 M) 

Macrophagc-conditioned medium 
Patient number 



44 



ng/mi 
Not examined 



1 


15 


<0.05 


2 


17 


2.3 


3 


24 


0.4 


4 


29 


3.1 


5 


19 


7.4 


6 


35 


1.3 


Synovial fluid 






Patient number 






1 


23 


10.7 


2 


52 


1.4 



RA synovia) fluids and synovial tissue macrophage-conditioned me- 
dia were assayed for their ability to induce chemotaxis of monocytes. 
The results represent analysis of 10 high power fields per sample. 
Negative control migration in response to HBSS ■ mean of five 
cells/high power field. MCP- 1 was assayed by ELISA (see Methods). 



was absent in nonstimulated RA fibroblasts, but readily induc- 
ible upon LPS ( I Mg/ml), IL-10 (20 ng/ml), or TNF-a (20 
ng/ml) treatment of cells (Fig. 4). 

RA synovial fluid and macrophage generated monocyte 
chemotactic activity. We then determined whether RA synovial 
fluids and conditioned medium from synovial tissue macro- 
phages produced biologically active chemotactic activity for 
monocytes. Chemotactic activity for normal human peripheral 
blood monocytes was detected in the RA synovial fluids exam- 
ined ( Table I ). Conditioned medium from nonstimulated mac- 
rophages obtained from six patients also contained chemotac- 
tic activity for monocytes. Measurable antigenic MCP-i 
ranged from <0.05 to 7.4 ng/ml in these samples. The 
amounts of chemotactic activity for monocytes and antigenic 
MCP-1 did not correlate, implying the presence of additional 
chemotactic factors for monocytes in the synovial fluids and in 
the RA synovial tissue, macrophage supernatants. 

Synovial tissue macrophage production of MCP-1. To de- 
termine if RA synovial tissue macrophages constitutively ex- 
pressed MCP- 1 , MCP- 1 gene expression was determined using 
isolated RA synovial tissue macrophages (Fig. 5). In contrast 
to RA fibroblasts, RA macrophages did not require exogenous 
stimulation to express MCP-I mRNA. To confirm macro- 
phage constitutive MCP-1 production, macrophages were 
freshly isolated from the synovial tissues of RA patients, cyto- 
spun, and stained for immunolocalization of MCP-1. Fig. 5 c 
shows RA synovial tissue macrophage MCP-1 antigen expres- 
sion. 

Immunohistochemical localization of MCP-1 to RA syno- 
vial tissue macrophages. To immunolocalize the cells responsi- 
ble for MCP-1 production in vivo, we examined synovial tis- 




llalof apiu* Ht smooth m lymph •m4o 

Figure 6. Immunohistochemical demonstration of MCP-1 expression 
in synovial tissues. Mphage, macrophage; smooth m t vascular smooth 
muscle; /ft. fibroblast; lymph, lymphocyte; and endo t endothelial 
cell. *RA(n= 13); B, OA (n = 1 1); ^ NL (n = 3). 

sues by immunohistochemistry. Synovial tissues from 27 sub- 
jects were examined for antigenic MCP-1. The results of 
immunolocalization are shown in Figs. 6 and 7. In general, the 
RA synovial tissues had higher inflammatory scores (mean 
2.4±0.2 ) as compared to either the OA tissues ( mean 1 .5±0.2 ) 
or the normal tissues (mean 1.0) ( 18, 44). The specificity of 
anti-MCP-1 reactivity with tissues was confirmed by the use of 
nonimmune serum as well as preadsorbtion with recombinant 
human MCP-1. The MCP-1 positive cells were located in the 
macrophage-rich synovial lining layer, in both RA and OA 
synovial tissues. MCP-1 immunolocalized to a mean of 76±6% 
of the RA lining cells (Fig. 7 A) and 60±10% of the OA lining 
cells (Fig. 7 B) f but only to 1±0.3% of the lining cells found in 
normal synovial tissues (Fig. 7 D) (P < 0.05 for either RA or 
OA compared to normal). RA synovial tissue macrophages 
located in the subsynovial areas also expressed MCP-1, with 
50±8% of macrophages being MCP-1 positive (Fig. 7 C). In 
contrast, only 5±2% of the OA Leu-M5 positive macrophages 
were MCP-I positive (P < 0.05) (Fig. 7). Similarly, RA macro- 
phage antigenic MCP-1 expression was significantly greater 
than the expression found in normal synovial tissues (P 
<0.05). 

As compared to the reactivity of the majority of RA macro- 
phages with anti-MCP-1, MCP-1 expression was found in a 
minority of fibroblasts from both RA (mean of 18±8%) and 
OA (mean of 9±3%). In addition, a small percentage (mean 
9.4±6.3%) of synovial tissue blood vessel smooth muscle cells 
were MCP-1 positive. 

Discussion 

MCP-1 is a 76-amino acid basic protein with selective chemo- 
tactic activity for mononuclear phagocytes (23, 47). MCP-1 
exists in two forms: MCP- la, with a mol wt of 13,000, and 
MCP- 1 0, with a mol wt of 1 5,000 ( 20, 47 ) . These two forms of 
MCP-1 are functionally identical, differing only by the extent 
of posttranslational modification. MCP-1 belongs to a su- 
pergene family that includes LD78, ACT-2, RANTES, and 
1-309(48). 

The role of MCP- 1 in the inflamed RA joint may be the 
recruitment of mononuclear phagocytes. There are a variety of 
chemotactic factors which may attract mononuclear phago- 
cytes in the RA joint. These include thrombin, C5a, platelet 
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activating factor, lcukotricnc B 4 , lymphocyte-derived chemo- 
tactic factor, and the cytokines transforming growth factor- 
beta, GM-CSF, and platelet-derived growth factor (PDGF) 
(49, 50). In this study, we demonstrated that the cytokine 
MCP-1 may also serve as a potent stimulus for recruitment of 
mononuclear phagocytes in RA. 

We examined synovial fluids from patients with various 
arthritides for MCP- 1 . MCP- 1 levels were significantly elevated 
in synovial fluids from patients with RA as compared to OA or 
other arthritides. Moreover, while the serum levels of MCP- 1 
were O.I6±0.06 ng/ml from normal subjects, MCP-1 RA 
serum levels were significantly increased (22.4±8.9 ng/ml, P 
<0.05). 

The process of synovial inflammation likely results from 
the influx of a series of inflammatory cells that release a cascade 
of inflammatory mediators. We reasoned that synovial fluids 
and sera containing chemotactic factors for mononuclear 
phagocytes such as MCP-1 might also contain chemotactic fac- 
tors for neutrophils and lymphocytes. Indeed, we found a 
strong positive correlation between MCP-1 and IL-8 in both 
synovial fluid and serum of patients with RA. These results 
suggested that the same factors which might upregulate produc- 
tion of MCP-1 also influence the production of IL-8 (I). 
Hence, we examined whether RA fibroblasts produced MCP-1 
in response to the same agonists which upregulated production 
of synovial fibroblast IL-8. As described by DeMarco et al., 
who showed that RA synovial fibroblasts expressed MCP-1 
mRNA in response to IL-1 and TNF-a, we demonstrated that 
RA fibroblasts respond to these signals as well as to US and 
produce both MCP-1 mRNA and protein (51 ). While RA fi- 
broblasts spontaneously produced either nondetectable or low 
levels of MCP-1, TNF-a, or IM& and to a lesser extent LPS 
induced increased levels of fibroblast MCP- 1 . These same stim- 
uli serve as inducing agents for RA fibroblast IL-8 production. 
It is likely that in the inflamed RA synovium, macrophages 
produce IL-1 and TNF-a, both of which act on synovial fibro- 
blasts to stimulate release of IL-8 and MCP- 1, which in turn 
selectively recruit neutrophils, lymphocytes, and mononuclear 
phagocytes into the joint. 

• While MCP- 1 may be produced by a variety of cells such as 
blood mononuclear cells, endothelial cells, smooth muscle 
cells, fibroblasts, epithelial cells, and tumor cell lines, we have 
identified the synovial tissue macrophage as a major cell pro- 
ducing MCP-1 within the RA joint. Macrophages isolated from 
RA synovial tissues produced MCP-1 mRNA, antigenic MCP- 
l v and biologically active chemotactic activity for peripheral 
blood monocytes. In addition, we immunolocalized MCP-1 to 
isolated RA synovial tissue macrophages. RA macrophages 
constituti vely produce MCP- 1 in greater numbers as compared 
to either OA or normal synovial tissue macrophages. Interest- 
ingly, normal human peripheral blood monocytes or alveolar 
macrophages do not express MCP-1 mRNA either constitu- 
tively or when stimulated with LPS (52). Perhaps, in the in- 
flamed synovial milieu the synovial macrophage assumes a phe- 
notype of chronic activation with subsequent inflammatory 
cytokine release. Indeed, MCP-1 has been shown to "activate" 
monocytes, causing cytostatic activity against tumor cell lines, 
stimulation of the leukocyte respiratory burst, and lysosomal 
enzyme release (23, 47 ). It may be that MCP-1 itself may func- 
tion to activate newly recruited mononuclear phagocytes, 
hence perpetuating the inflammatory response in the RA syno- 
vial tissue. 
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In summary, synovial fluids from RA patients contain sig- 
nificantly more MCP-1 than fluids from OA patients or pa- 
tients with other arthritides. RA serum MCP-1 levels were sig- 
nificantly elevated compared to normal serum MCP levels. 
There was a strong positive correlation between RA synovial 
fluid or serum levels of MCP-1 and IL-8. Immunohistological 
examination revealed that a significantly greater proportion of 
RA than OA or normal macrophages expressed antigenic 
MCP-1. RA synovial fibroblasts were induced to produce 
MCP-1 mRNA and protein by IL-lft TNF-a, or to a lesser 
degree LPS. RA macrophages constituti vely produced MCP-1 
mRNA and protein. These results may help elucidate the mech- 
anism by which mononuclear phagocytes enter both the syno- 
vium and synovial fluid in RA. 
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We have examined the role of monocyte chemo- 
attractant protein 1 (MCP 1) in the pathogenesis of 
monocyte/macrophage-dependent IgA immune 
complex alveolitis in the rat. Rat MCP 1 was cloned 
and expressed in order to facilitate analysis of its 
function in rat models of human disease. A cDNA 
library was constructed from rat pulmonary artery 
endothelial cells stimulated with TNF-a. The cDNA 
library was screened with synthetic oligonucleotide 
probes based on the recently published rat MCP 1 
cDNA sequence. Among numerous MCP 1 -positive 
clones, four full length (approximately 480 bp) cDNA 
were rescued, amplified by polymerase chain reac- 
tion, and ligated into a pJVETLZ baculovirus trans- 
fer vector. Spodoptera frugiperda insect cells (Sf- 
21) infected with baculovirus recombinants [Auto- 
grapha californica nuclear polyhedrosis virus) 
bearing properly oriented MCP 1 cDNA (AcMCP 1) 
directed the expression of unique peptides of 18, 21, 
and 23 kDa. Treatment of AcMCP 1 -infected Sf-21 
cells with tunicamycin resulted in reduced produc- 
tion of the 21- and 23-kDa proteins and an increase 
in 16- to 18-kDa products, the predicted size range 
of uncleaved and nonglycosylated rat MCP 1. De- 
natured and refolded 23-kDa and 21 -kDa rat MCP 1 
species exhibited dose-dependent monocyte-spe- 
cific chemotactic activity at concentrations as low 
as 10" 10 M whereas the 18-kDa species exhibited 
negligible activity. Antibodies that react with the 
18-kDa, 21-kDa. and 23-kDa MCP 1 bands by West- 
ern immunoblot, block rat rMCP 1 -directed mono- 
cyte chemotaxis, and neutralize monocyte-specific 
chemotactic activity secreted by TNF-stimulated rat 
endothelial cells were raised in rabbits immunized 
with the 23-kDa MCP 1 species. Intravenous admin- 
istration of anti-MCP 1 antibodies upon initiation of 
IgA immune complex lung injury resulted in a 
marked reduction in lung injury as measured by 
pulmonary vascular permeability, alveolar hemor- 
rhage, and pulmonary monocyte/macrophage re- 
cruitment. These data suggest that MCP 1 may play 
an important role in the pathogenesis of monocyte/ 
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macrophage-dependent IgA immune complex alveo- 
litis in the rat. 

Despite the putative importance of IgA in diseases such 
as IgA nephropathy. Henoch-Schonlein purpura, derma- 
titis herpetiformis, and some cases of SLE. little is known 
about the pathogenesis of IgA-triggered tissue injury. We 
previously described an IgA immune complex-mediated 
lung injury model in the rat (1, 2). In contrast to various 
models of IgG immune complex-mediated tissue injury, 
IgA-induced injury develops fully in neutrophil-depleted 
rats (2). IgA immune complex lung injury requires an 
intact C system and is oxygen radical mediated (1. 2). 
Ultrastructural cytochemical analysis suggests that local 
production of H 2 0 2 by mononuclear phagocytes Is an 
important effector mechanism In IgA lung injury (3). In 
IgA lung injury monocytes and macrophages are recruited 
into the parenchyma and can be retrieved In BAL 3 fluid 
during the development of injury, in contrast to IgG Im- 
mune complex lung injury. In which locally produced TNF 
mediates neutrophil recruitment, negligible TNF activity 
can be detected In the BAL fluid of rats with IgA lung 
injury (4). The mechanisms through which monocytes 
and macrophages are recruited Into the lungs of rats with 
evolving IgA immune complex-triggered alveolitis are un- 
known. A potential mediator of monocyte and macro- 
phage recruitment is the monocyte chemoattractant, 
MCP1. 

MCP 1 . known also as monocyte chemotactic and acti- 
vating factor, is now known to be identical to the murine 
JE gene product (5). JE was described in 1983 as a gene 
that is expressed in mouse 3T3 fibroblasts after stimu- 
lation with platelet-derived growth factor (6). Although 
the JE gene product was not identified until later, its 
cellular sources and the stimuli promoting its expression 
were studied extensively (reviewed in Reference 7). MCP 
1 is secreted either constltutively. or after induction with 
mitogens, cytokines, or growth factors, in a variety of cell 
types including lymphocytes, fibroblasts, endothelium, 
smooth muscle, and several tumor cell lines (reviewed in 
Reference 7). In vitro studies indicate that MCP 1 can 
enhance the tumoristatic activity of monocytes against 
several lines of tumor cells and that it is a potent chem- 
otactic factor for monocytes (7-10). 

Although in vitro studies have provided invaluable in- 

3 Abbreviations used in this paper: BAL, bronchoalveolar lavage; MCP 
1, monocyte chemoattractant protein I; PCR. polymerase chain reaction; 
Sf-21. Spodoptera /ruolperda-21; AcNPV , Autographa caltforntca nu- 
clear polyhedrosis virus; AcMCP 1. Autographa calljomlca MCP 1; T- 
TBS.Tween-Trls-buffered saline; moi, multiplicity of infection: DNP-BSA, 
dlnltrophenol-conjugated BSA. 
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sights into the potential functions of MCP 1. little is 
known about its role in physiologic or pathologic proc- 
esses. The in vitro activities ascribed to MCP 1 suggest 
that it may be of fundamental importance as an inducer 
of the monocyte/macrophage-rich lesions that are char- 
acteristic of such pathologic processes as atherosclerosis, 
chronic Inflammation, infiltration of tumors by mono- 
cytes, and granulomatous inflammation. Indeed, recent 
immunohistochemical and in situ hybridization analyses 
have revealed MCP 1 expression within macrophage-rich 
foci of atherosclerotic lesions in human and rabbit arter- 
ies (1 1 . 12). Northern hybridization analyses of whole rat 
lungs containing glucan-induced granulomas indicate 
that MCP 1 gene expression is up-regulated during gran- 
uloma formation (13). Analyses of the biologic function 
of MCP 1 in such processes have not yet been carried out. 
In order to study the functional role of this mediator In 
rat models of human disease we cloned and expressed 
rat MCP 1 . 

In this study, we addressed the pathophysiologic role 
of MCP 1 In IgA immune complex-Induced lung injury in 
the rat. This is an ideal model because lung injury Is 
mediated by monocytes and macrophages and can be 
quantltated using several parameters. The data suggest 
that MCP 1 may play an Important role in the pathogen- 
esis of IgA Immune complex alveolitis in the rat. 

MATERIALS AND METHODS 

Materials. Spodoptera Jruglperda Insect cells (Sf-21; B821-01), 
wild-type baculovlrus stock (Autographa caltfornlca nuclear poly- 
hedrosis virus: AcNPV), 0-galactosldase recombinant stock (Acp- 
JVETLZ). and AcNPV wild-type DNA were purchased from In vitro- 
gen. Sah Diego, CA. The pJVETLZ transfer vector, (pBlueBac; a 
modification of pJVPIO) (14). which contains the polyhedrin gene 
promoter, an Nhel restriction site, an early transcriptase locus early 
promoter, and a 0-gaIactosldase-codlng region, was kindly provided 
by Dr. Chris Richardson (Biotechnlcal Research Institute. Montreal. 
Canada). Grace's insect cell culture medium was from GIBCO Labo- 
ratories. Grand Island. NY. FCS was from GIBCO. Streptomycin, 
penicillin, and fungizone were from Whittaker Bioproducts. Walk- 
ersville. MD. Sea plaque low melting agarose was from FMC Bioprod- 
ucts. Rockland. ME. Restriction enzymes and other molecular biol- 
ogy materials were obtained from Boehringer-Mannhelm Biochemi- 
cals, Indianapolis. IN; Bethesda Research Laboratories, 
Gaithersburg. MD; and New England Biolabs, Boston, MA. Synthetic 
oligodeoxynucleoUdes were prepared by the DNA Synthesis Facility 
|D. L. Oxender, Ph.D., Director). University of Michigan, Ann Arbor, 
Ml. 

Rat pulmonary artery endothelial cells. Rat pulmonary artery 
endothelial cells stimulated with human TNF-o were used for con- 



Constructlon and screening of rat cDNA library. Total RNA was 
Isolated by the guanidlnlum-laothlocyanate method (16) from rat 
pulmonary artery endothelial cells stimulated with human rTNF-« 
(200 U/ml) for 4 h. Poly (A) RNA was Isolated by oligo(dt)-cellulose 
chromatography (16). cDNA synthesized by a modification of the 
Gubler and Hoffman method (17) was used to construct a library In 
pCDNA II (Invitrogen. San Diego, CA). pCDNA II (bearing an amplcil- 
Hn-reslstance gene) was electroporated Into DHIaF' Escherichia coli 
cells and the library amplified on LB + ampiclllln (50 pg/ml) plates. 
A ( w P)PCR-labeled oligodeoxynucleotide probe (5'-TAC AGC TTC 
TTT GGG ACA CCT GCT GCT GGT GAT-3'). complementary to 
positions 160-193 of the rat MCP 1 cDNA sequence provided by T. 
Yoshlmura et al. (18). was used to screen the cDNA library by high 
density plaque hybridization (16). Hybridization to nitrocellulose 
filters was carried out at 37°C in 6X SSC. 5X Denhardfs solution. 
0.05% sodium pyrophosphate. 1% SDS. 100 jig/ml salmon sperm 
DNA, and 10 a dpm/ml probe. Filters were washed three times for 5 
mln with 6X SSC and 0.1% SDS at 37*C. three times for 30 mln at 
35°C, dried, and exposed to XAR-5 film (Kodak, Rochester. NY) at 
-70*C with intensifying screens. Appropriately sized MCP 1 cDNA 
were selected by successful PCR (Taq polymerase; Cetus Immune) 
amplification of cDNA using primer pairs that contained Nhel re- 
striction sites and bracketed the 5' and 3' termini of the rat MCP 1 
cDNA sequence published by Yoshlmura et al. (18). The primer 
sequences were: 5'-ATC WlH AGC TAG CCT CCA CCA CTA TGC-3' 
and 3'CTA AAC CTT ACA CTA" h4rt CGA TCG GGT GG-5'. 

Construction of the baculovlrus transfer vector. The resulting 
MCP 1 cDN A PCR product of one of the selected full length rat MCP 
1 clones (clone 2B) was cut with Nhel according to manufacturer's 
instructions (New England Biolabs) and the DNA separated in 1% 
agarose (16). The resulting band was then cut out of the gel and 
purified using the following two-mlcrof uge tube method. A hole was 
punched through the bottom of a 500-^1 tube containing angel hair 
and this tube (to which the DNA sample was added) was placed 
inside of a larger microfuge tube which was then centrifuged at 
14.000 rpm for 5 min. The preparation was extracted In phenol/ 
chloroform Indole acetic acid, the aqueous phase precipitated In cold 
ethanol, and the resulting DNA quantltated (16). The DNA pellet was 
then added to ligation mixes (with molar ratios of insertrvector of . 
0.5:1, 1:1. 2:1, and 4:1), which contained pJVETLZ that had been 
linearized with Nhel and phosphatase^ (16). As a negative control 
pJVETLZ alone was subjected to the same set of conditions. The 
ligation products (and controls) were transfected into E. coll 
INV1«F'(DH1 derivative) (Invitrogen) and amplified. MCP 1 -positive 
colonies (see plaque hybridization protocol above) were picked, grown 
overnight In fungizone ampiclllln growth medium, and subjected to 
DNA extraction (mlnlprep method) (16), Preparations containing 
appropriately sized MCP 1 cDNA inserts (»480 bp) were then ana- 
lyzed for proper insert orientation. 

Proper orientation of the rat MCP 1 insert within the pJVETLZ 
transfer vector was assessed by using the oligonucleotide primer 
pairs that were complementary to a portion of the insert containing 
rat MCP 1 (near the 3'-end) and a portion of the transfer vector at a 
site adjacent to the 5' end of the MCP 1 insert. Using this method 
only properly oriented rat MCP 1 inserts would be expected to yield 
an appropriately sized (»480 bp) PCR product. In addition, if Insert 
orientation direction was random, approximately one-half of the 
Insert-bearing vectors would be expected to yield a product. The 
primers were: 'Vector" primer for pJVETLZ; 



5'-GCC GGA TTA TTC ATA COG TC-3' and 
(-34 -from JVhel site - -15) 

"Insert- primer for rat MCP 1;3'-CTA AAC CTT ACA CTA CGA TCG GGT GG-5'. 

(451 - 467) 



structlon of a cDNA library. The cells were extracted from rat pul- 
monary arteries by perfusion with microcanier beads, characterized 
as endothelial, and maintained in culture as previously described by 
Ginsburg et al. (15). Cells (sixth passage) used for RNA extraction 
were grown to confluence in 1 50 cm 3 T-f lasks (Corning Glass, Corn- 
ing, NY). The day before RNA extraction the culture medium was 
removed, the monolayers washed twice with HBSS (GIBCO). and the 
medium replaced with RMPI 1640 (GIBCO) without serum, endothe- 
lial cell growth supplement, or heparin. Upon initiation of stimula- 
tion, endothelial monolayers were again washed and fresh medium 
without growth factors was added along with 200 U/ml rTNF-a 
(Cetus Immune, Emeryville, CA). After 4 h. culture medium was 
collected and RNA was prepared from the endothelium as described 
below. For molecular sizing of native rat MCP 1 serum-free condi- 
tioned medium was collected after 12 h. 



Transfectton of S.fruglperda cells and isolation of recombinant 
vtrus. The MCP 1 -bearing transfer vector (AcMCP 1), amplified In 
E. coli INVlaF'. was mixed with wild-type AcNPV DNA (2 jig/1 fg) 
and co-precipitated with calcium phosphate (16). This mixture was 
used to transfect monolayers of Sf-21 cells maintained at a density 
of 2.0 x 10 6 cells/25-mm tissue culture dish. After 4 h the transfec- 
tlon mix was removed and the monolayers washed twice with Grace's 
medium. After 4 days, serial dilutions (10~ ! to 10"*) of culture super- 
natant were layered onto 75% confluent monolayers of Sf-21 cells, 
Incubated for 1 h. washed, and overlaid with fresh Grace's medium 
containing 1% agarose (Sea plaque) and Blue-O-gai substrate (150 
tig/mh GIBCO). The cultures were maintained for 4 days at 27°C by 
which time many cells contained occlusion bodies characteristic of 
the polyhedrin protein. Plaques devoid of occlusion bodies and pos- 
itive for 0-galactosidase expression (blue In the presence of Blue-O- 
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gal) were purified and amplified by two successive rounds of plaque 
assays. S.Jrugtperda cells were grown and maintained at 27°C In 
Grace's Insect medium (GIBCO) supplemented with 10% PCS, peni- 
cillin (50 U/ml). streptomycin (50 pg/ml). and fungizone (50 jig/ml) 
as described by Summers and Smith (19). For amplification of virus, 
wild-type baculovlrus (AcNPV). or recombinant virus (AcMCP 1) was 
used to Infect Sf-21 cells at a mol of 1.0 plaque-forming units/cell. 
Negative controls included wild-type virus (AcNPV), rMCP 1 -negative 
virus (AcpJVETLZ), and nonlnfected Sf-21 cells. 

Production of rat MCP 1 in §f-21 cells. Recombinant virus stocks 
were grown from second passage virus in Sf-21 cells to obtain high 
titers (>10* plaque-forming units/ml). Pilot experiments were con- 
ducted to establish the optimal mol and the optimal time after 
infection to harvest the cells. For high level rat MCP 1 expression, 
suspension cultures of Sf-21 cells (10* cells/ml) were Infected at mol 
- 1 , and harvested 96 h after Infection by centrif ugatlon (700 x g). 
Pelleted cells were washed with Tris/Cl (50 mM: pH 7). 1 mM dlthl- 
othreltol and 250 mM sucrose, resuspended in 0. 1 vol Tris/Cl (50 
mM: pH 7). 1 mM dlthtothreitol and 0.5 M NaCl. and then subjected 
to three f reeze thaw cycles in liquid nitrogen. Culture supernatants. 
cell pellet lysates (after DNA was sheared by three passes through a 
25-gauge needle), and resuspended (0. 1 vol; 50 mM Tris/Cl. pH 7, 1 
mM dlthtothreitol) cell pellets were used tn subsequent analyses and 
preparations. 

Characterization oj AcMCP 1 expression products. Proteins ex- 
pressed by AcMCP 1 and negative controls (uninfected Sf-21 cells, 
Sf-21 cells Infected with wild-type baculovlrus (AcNPV), and Sf-21 
cells transfected with expression vector alone (AcpJVETLZ)) were 
characterized by SDS/PAGE under reducing conditions on 13.5% 
gels stained with Coomassle blue R or sliver (20, 21). Analysis of 
MCP 1 glycosylation was carried out by SDS/PAGE using Sf-21 cells 
Infected with AcMCP 1 and incubated in the presence or absence of 
tunicamycln (10 Mg/ml).> In vitro biologic activity (monocyte and 
neutrophil chemotaxls) was assessed as described below. 

Chemotaxts assays. Monocyte and neutrophil chemotaxls assays 
were carried out in parallel in 48-well microchemotaxis chambers 
as described by Falk et ai. (22). Cell suspensions (2.25 x 10 5 cells/ 
well) were added to the top well of the chamber and permitted to 
migrate through 10 ixm polycarbonate membranes (5 pm porosity for 
monocytes and 3 nm porosity for neutrophils) toward sample-bearing 
bottom chambers. After a 4-h incubation (37°C. 5% C0 3 . humidified) 
membranes were removed and the non migrating cells wiped off. The 
membranes were then fixed for 10 min in absolute methanol, air 
dried, and stained for 30 min In 2% toluldine blue. The numbers of 
cells migrating through the membrane were counted in three ran- 
dom. 10-mm grids at 400 x. with the mean ± SEM calculated for 
triplicate samples. Results are expressed as normalized values rep- 
resenting the percent of maximum FMLP (10"* or 10"* M; as Indi- 
cated) positive control, minus negative controls (buffer alone). Pe- 
ripheral blood human monocytes (80% to 85%) were Isolated by 
centrifugatlon through FtcoU-Hypaque (Sigma, St. Louis. MO) and 
Sepracell-MN (Sepratech, Oklahoma City. OK) as described by Vls- 
sers et al. (23). Peripheral blood human neutrophils (91% to 96%) 
were Isolated by centrifugatlon through Flcoll-hypaque as described 
by Boyum (24). 

Protetn solubilization and refolding. Freeze-thaw lysates from 
AcMCP 1 -infected Sf-21 cells were subjected to preparative SDS- 
PAGE (12.5%). Unfixed, unstained 18-kDa. 21-kDa, and 23-kDa 
MCP 1 bands, and where indicated, a 44-kDa baculoviral protein 
band, were cut out and electrocuted Into 8 M urea plus 10 mM 2- 
ME. This was dialyzed against 2000 volumes of (1 mM) 2-ME in 
HBSS (48 h. 4°C). 

Rabbit polyclonal anti-MCP 1. Polyclonal rabbit anti-rat MCP 1 
was raised against the 23-kDa MCP 1 in 3 kg New Zealand White 
rabbits (Charles River Laboratories, Wilmington. MA) immunized 
with MCP 1 (50 Mg) emulsified in Hunter's TiterMax (CytRx, Norcross, 
GA) and boosted after 1 month with MCP 1 (25 ptg). Where indicated, 
the resulting antiserum was affinity purified using a protein A 
Sepharose column (Sigma). Antl-MCP 1 serum was diluted 1/1 with 
PBS (100 mM phosphate, pH 8.0. and 150 mM NaCl) and applied 
slowly to the PBS-washed column. After extensive washing with 
PBS, the column was stripped with 100 mM sodium acetate buffer. 
pH 3.0. One milliliter fractions were collected in tubes containing 
50 m1 of 1 M Trts buffer. pH 8.0. The affinity-purified IgG fraction 
was then dialyzed against PBS, 

Western immunoblot. Sf-21 cell pellet lysates were subjected to 
SDS/PAGE (12.5%) according to the method of Laemmli (20). The 
separated proteins were transblotted to nitrocellulose (0.45 ^m; Bio- 
Rad, Richmond. CA) for 1 h at 1 2 V with a Genie transblot apparatus 
(Ideal Scientific, Corvallis, OR). After transfer, the membrane was 
blocked with T-TBS (20 mM Trls-HCl, pH 7.5; 500 mM NaCl; 0.05% 
Tween 20) (v/v) containing 3% BSA. Conn fraction V. (Sigma) for 2 
h at room temperature. After removal of the blocking solution, the 



blot was washed with T-TBS (5 min; three times). Primary antibody 
(affinity-purified rabbit anti-rat MCP 1 ; 1 mg/ml) was then added at 
final concentration of 50 jig/ml In T-TBS with 1% BSA (v/v) and 
Incubated for 1 h. The primary antibody was decanted and the 
membrane washed as described above. After the final wash, second- 
ary antibody (goat anti-rabbit IgG alkaline phosphatase-conjugated 
antibody (Blo-Rad) was added at a final dilution of 1/3000 in T-TBS 
with 1% BSA, and Incubated for 1 h. The membrane was washed as 
above and the bands developed by addition of alkaline phophatase 
substrate solution (5-bromo-4-chloro-3-indoyl phosphate and nltro- 
blue tetrazolium In 10 mM Tris; pH 9.5). Rainbow m.w. markers 
(Amersham, Arlington Heights, IL) were used to estimate m.w. 

IgA antibodies and DNP/BSA Ag. Affinity-purified monoclonal 
IgA (MOPC 315) directed against DNP-BSA was purchased from 
Sigma. Dinltrophenol-congjugated BSA was prepared according to 
the method of Eisen (25). The resulting Ag preparation contained an 
average of 50 DNP groups/BSA molecule. 

Rat IgA tmmune complex-induced alveolitis. Male Long-Evans 
pathogen-free rats (350 g; Charles River) were used for all studies. 
Intraperitoneal injections of ketamlne (2.5 to 5.0 mg/100 g body 
weight) and sodium pentobarbital (5 mg/100 g body weight) were 
given for sedation and anesthesia. IgA Immune complex lung Injury 
was Induced as previously described (1-4). Antibody solution (IgA 
antl-DNP/BSA; 400 fig) was instilled Into the lungs through a tra- 
cheal cannula. In all cases, a final volume of 300 pi was Instilled 
Into the lungs. Ag (DNP-BSA; 3.3 mg) was Injected l.v. Rats were 
killed at the Indicated times, lung injury was quantltated. and BAL 
fluid was harvested. Anesthetized rats were exsanguinated through 
inferior vena caval section before removal of lungs, thus resulting 
In negligible contamination of lungs with blood. Pulmonary injury 
was quantitated by permeability, hemorrhage, and morphometric 
measurements. Permeability Indices were calculated by comparing 
the leakage of IM I-labeled bovine 7-globulin from the circulation Into 
the lung to the l25 I-labeled colloid remaining in I ml of blood as 
previously described (1-41. Hemorrhage indices were calculated by 
comparing the leakage of &, Cr-labcled RBC from the circulation Into 
the lung to the M Cr-labeled RBC remaining in 1 mi of blood as 
previously described (1-4). Intravenous antt-MCP 1 or prelmmune 
serum was Infused at time zero. 

Morphometric analysis of mononuclear phagocyte recruitment 
and alveolar hemorrhage. Lung samples (1 mm 5 ) were excised from 
the peripheral aspect of whole lungs that had been fixed in 4% 
glutaraldehyde under constant pressure inflation (25 cm H a O) (4). 
Samples were washed in 0. 1 M cacodylate buffer (pH 7.3), embedded 
in 1 Mm thick plastic sections, and stained with toluldine blue. Use 
of 1-mm 3 samples from the peripheral aspects of inflated lung 
results in sections that contain no large bronchial structures. (Large 
bronchial structures are defined as muscular airways lined by res- 
piratory epithelium). Plastic embedding (1 fan thick) allows very high 
morphologic resolution, thus allowing virtually all alveolar and al- 
veolar septal cells to be easily identified. Morphometric analysts of 
mononuclear phagocyte recruitment and alveolar RBC (hemorrhage) 
was carried out by a pathologist (J. S. Warren) who was blinded to 
sample origin. For each condiUon, five samples were examined. In 
each sample. 45 to 60 randomly selected 40x microscopic fields 
(high power field) were analyzed. 

Analysis of BAL fluid. Lung lavage contents for cell counts were 
collected using 5 ml of 37°C. serum-free RPMI 1640 (3. 4). At least 
90% of the administered fluid was always recovered, centrifuged 
(400 xp;7 min) to separate cells, and the cells were counted. There 
was no systematic difference in BAL fluid recovery between control 
and experimental groups of rats. 

RESULTS 

Rat MCP J cDNA cloning. Several studies have revealed 
that stimulation of human umbilical vein endothelial 
cells with TNF-a results in the expression of MCP 1 and 
the secretion of a monocyte-speciflc chemotactic protein 
(26-28). Accordingly, we constructed a cDNA library 
from rat pulmonary artery endothelial cells stimulated 
with human TNF-a and cloned a full length rat MCP 1 
cDNA. The cDNA library, which contained greater than 
1.2 x 10 6 ampicillin-resistant recombinants, was initially 
screened with an oligodeoxynucleotide probe that was 
complementary to positions 160-193 of the rat MCP 
cDNA sequence published by Yoshimura et al. (18). 
Among numerous MCP 1 -positive colonies, four yielded 
products after PCR in which primers that bracketed the 
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5' and 3' termini of the published rat MCP 1 cDNA open 
reading frame were employed (18). Plasmid DNA prepa- 
rations prepared from these four clones each yielded 
fragments of approximately 500 to 700 bp after digestion 
with BamHl and Spel (polylinker sites in the pCDNA II 
cloning vector). One cDNA clone (clone 2B) was then 
amplified by PCR using primer pairs that contained Nhel 
restriction sites and bracketed the 5' and 3' termini of 
the rat MCP 1 cDNA sequence. 

Expression of rat MCP 1 in a baculovtrus system. The 
baculovlrus AcNPV is a helper-Independent expression 
vector that has been used successfully to express several 
eukaryotlc genes (reviewed in Reference 29). A rat MCP 
1 expression vector was prepared by ligating the full 
length MCP 1 cDNA clone 2B (at varying Insertrvector 
ratios) Into pJVETLZ. Although successful ligations oc- 
curred at each insert: vector ratio employed (0.5:1, 1:1, 
2:1. 4:1), a 1:1 ratio was used for this construction be- 
cause it yielded the maximum number of products bear- 
ing single insert copies (data not shown). Proper orienta- 
tion of the rat MCP 1 insert within the pJVETLZ transfer 
vector was assessed using the PCR with oligonucleotide 
primer pairs that were complementary to a portion of the 
Insert containing rat MCP 1 (near the 3' end) and a 
portion of the transfer vector at a site adjacent to the 5' 
end of the MCP 1 insert. Of seven MCP 1 -bearing transfer 
vectors, four yielded PCR products that indicated proper 
Insert orientation (Fig. 1). Using this method only prop- 
erly oriented MCP 1 inserts would be expected to yield an 
appropriately sized (481 -bp) PCR product. In addition, If 
the insert orientation is random, approximately one-half 
of the insert-bearing vectors would be expected to yield a 
product 

Recombinant Virus (AcMCP 1 ) was obtained by homol- 
ogous in vivo recombination between wild-type virus 
(AcNPV) and the MCP 1 -bearing transfer vector. Recom- 
binant viruses were purified by two serial passages as 
described in Methods. Sf-21 cells were infected with 
r AcMCP 1 (third passage), recombinant virus lacking the 
MCP 1 insert (AcpJVETLZ), or wild-type virus (AcNPV). 
Uninfected Sf -21 cells were also Included as an additional 
negative control. AcMCP 1 directed the expression of 18- 
kDa, 21-kDa, and 23-kDa bands that were not present 
In uninfected Sf-21 cells or in Sf*21 cells Infected with 
either AcNPV or AcpJVETLZ (Fig. 2). The yield of rat 
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Figure J. Proper orientation of rat MCP J [KMC* I) in the pJVETLZ 
transfer yector. Lanes 2, & 5, and 7 contain rat fciCP i insert ilgated into 
pJVETLZ In the proper 5' -» 3' orientation. The four properly oriented 
PCR products {lanes 2< 3, 5. and 7) migrate above the 0;39-kb size marker, 
at a location consistent with the expected 481-bp PCR product. PCR 
products were electrophoresed through agarose and stained with 
ethtdium bromide. 
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Figure 2. Expression of rat MCP 1 tn Sf-21 cells. Sf-21 cells, grown at 
a density of 2.0 x 10725-mm culture dish, were infected with AcMCP 1 
((one J \, wild-type virus (AeNI*V) {tones 2 and 4), no virus (untreated Sf- 
21 cells) {lane 3) t and recombinant, virus lacking an MCP I Insert (Acp- 
JVETLZ} [lane 5). Proteins bands of 1 & kDa, 2 1 kDa, and 23 kDa [arrows) 
are present «nly th celte infected with AcMCP 1. these cells were 
harvested £6 h after Infection and lysed In J 00 fd 50-mM Trls/CI, pH 7, 
and l mM#h!pthreitoL After addition of SDS sample buffer, fractions 
wwNllied fctr S mih and 20>l of each applied to a 13.5% polyacrylamide 
gel (20). Mat electrophoresis, the gel was stained with silver according 
to the method of Wray et al. (it). Lane fcd indicates m.w. markers In 
kilodaltons. 

MCP 1 per 2 X 10 6 starting Sf-21 cells Increased as a 
function of time over 96 h (data not shown). Over the 
same time period, Sf-21 cells infected with AcpJVETLZ 
expressed increasing concentrations of 0-gaiaetosidase. 
bqt no protein in the 1 8- to 23^kPa range. No new protein 
baftds were observed In Sf-21 cdls inf ectj&d with AcNPV 
or in uninfected Sf-21 cells at any of the time points 
examined {data not shown). Essentially all of the staina- 
ble rat MCP I (18 to 23 kDa protein) was recovered from 
sotubiIi?ed Sf-21 cell lysates. The bulk of rat MCP 1 
expressed by Sf-21 cells had a m.w. of 23 kDa. These 
data indicate that Sf-21 cells infected with AcMCP 1 
iiKGt the expression of proteins of 18 kDa, 21 kDa, and 
23 kDa in a time-dependent manner over 96 h. 

Characterization of rat rMCP 1. Based on an open 
reading frame of 444 bp (18), tbe predicted m.w. of un- 
processed rat MCP 1 is 16.3 to 18.9 kDa. We employed 
tunicamycln to determine whether the 21-kDa and 23- 
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kDa protein bands might represent glycosylated species 
of rat MCP 1. SDS/PAGE analysis of solublllzed lysate 
pellets from Sf-21 cells Incubated with tunlcamycin re- 
vealed several major bands between 16 and 18 kDa and 
small residual 21 -kDa and 23-kDa bands (Fig. 3). This 
observation suggests that Sf-21 cells Infected with 
AcMCP 1 express variably glycosylated protein species. 

Solublllzed lysates from Sf-21 cells Infected with 
AcMCP 1 exhibited negligible monocyte or neutrophil 
chemotactlc activity in vitro (data not shown). Accord- 
ingly, we sought to solubilize and renature the protein of 
interest in the hope of producing biologically active rat 
MCP 1. Cell lysates from AcMCP 1 -Infected Sf-21 cells 
(96-h cultures) were subjected to SDS-PAGE. Individual 
bands (18-kDa, 21-kDa. 23 kDa, and irrelevant 44-kDa 
baculoviral protein) were cut out, electroeluted, and sol- 
ublllzed in 8 M urea plus 1 0 mM 2-ME followed by dialysis 
for 48 h against 2000 volumes of HBSS (4°C) containing 
1 mM 2-ME. Renatured cell pellet lysates from AcMCP 1- 
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Figure 3. Effect of tunlcamycin on rat MCP I expression. Addition of 
tunlcamycin to Sf-21 ceils Infected with AcMCP 1 results in the produc- 
tion of a cluster of protein bands of approximately 16 to 18 kDa. Sf-21 
cells, grown at a density of 2.0 x 10725-mm culture dish, were infected 
with AcMCP tin the presence of tunlcamycin (1:0 Mg/ml) (lane J }, AcMCP 
1 in the absence of tunlcamycin [lane 2). wild-type vltu&[AcNPV\itanes 
3 and 4), no virus (uninfected Sf-21 cells) [lane 5). and recombinant virus 
lacklnganMCP I insert (AcpJVETLZ) [lane 6). These cells were harvested 
at 96 h after Infection and processed as described in the legend for Figure 
%. As In Figure 2, there Is a small amount of 18-kDa protein [anou>\ 
produced by Sf-21 cells Infested with AcMCP 1 [lane 2). 
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Infected Sf-21 cells exhibited no neutrophil chemotactlc 
activity (data not shown). The 23-kDa and 21-kDa rat 
MCP 1 species exhibited dose-dependent, monocyte-spe- 
ciflc chemotactlc activity, whereas the 18-kDa MCP I 
species exhibited little activity (Fig. 4). As shown in Fig- 
ure 4. the irrelevant 44-kDa baculoviral protein exhibited 
no monocyte chemotactlc activity. 

Characterization of anti-rat MCP 1. Western immu- 
noblot analysis of anti-MCP 1 revealed specific reactivity 
with the 18-kDa, 21-kDa, and 23-kDa rat MCP 1 species 
(Fig. 5). Anti-rat MCP 1 serum specifically blocked rat 
rMCP 1 (23 kDa)-lnduced monocyte chemotaxis in a dose- 
dependent manner with 95% blockade of MCP 1 (10~° M) 
activity with undiluted anti-rat MCP 1 serum (Fig. 6). 
Equivalent concentrations of preimmune serum exhib- 
ited less than 10% blockade of MCP 1 -mediated monocyte 
chemotaxis. 

The capacity for anti-rat MCP 1 to neutralize native 
monocyte chemotactlc activity was tested using TNF-a- 
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Figure*. Renatured rat MCP 1 exhibits In vitro monocyte-speclflc 
chemotactlc activity. The 23-kDa (*—•—) and 21-kDa (— O— ) MCP 1 
species possess potent, dose-dependent monocyte chemotactlc activity. 
The ie-kDa MCP 1 species (—■—land an Irrelevant 44-kDa viral protein 
(— O — ) exhibit UtUe attd no monocyte chemotactlc activity, respectively. 
The data (means ± SEM} are expressed as percentage of maximum mon- 
ocyte chemotactlc response to FMLP (10"* M). The average percentage of 
input monocytes that migrated in response to FMLP (JO" 8 M) was 27 ± 
4%. All samples were assayed In triplicate. 




NS WT 1-1.2 2-1 2-1.2 

Figure 5. Rabbit polyclonal antibody raised against the 23-kDa rat 
MCP 1 reacts with the 18-kDa. 21-kDa. and 23-kDa rMCP 1 species. 
Western immuhoblot was carried out as described In Materials and 
Methods. Preihimune serum from rabbit 2 [NS] did not react. Lane WT 
{wild type) represents reaction between ahtl-MCP 1 antiserum taken from 
rabbit 2 and reacted against cell pellet lysates from Sf-21 cells Infected 
with AcNPV. Lanes 1-1 .2. 2-rl. and 2- J. 2 represent antl-MCP 1 antiscra 
obtained from twodifferent rabbits. Antlsera were heat inactivated [56°C. 
30 min) before application. 
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Figure 6. Neutralization of rMCP 1 monocyte chemotactlc activity with 
antl-MCP 1 serum. Data (means ± SEM; triplicate samples) are expressed 
as varying dilutions of antiserum vs monocyte chemotactlc activity ex- 
pressed as percentage of maximum response, where 100% Is the response 
to \0~* M MCP 1 (23 kDa). Sample chambers contained the indicated 
dilutions of heat-Inactivated prelmmune serum (•) or antl-MCP 1 serum 
P). 

induced monocyte chemotactlc activity secreted by rat 
endothelial ceils. Rat pulmonary artery endothelial cells 
stimulated with human TNF-a expressed increased MCP 
1 mRNA levels (data not shown) and secreted an 8- to 30- 
kDa monocyte-specific chemotactlc activity (data not 
shown), which could be blocked in a dose-dependent 
manner with anti-rat MCP 1 (62% reduction in monocyte 
chemotaxls with a 1/100 dilution of anti-MCP 1 serum). 

These data indicate that the anti-rat MCP 1 raised 
against 23-kDa rMCP 1 cross-reacts with the 18- and 21 - 
kDa rMCP 1 species and that it specifically blocks rat 
rMCP 1 functional activity in vitro. Blockade of the 8- to 
30-kDa monocyte-specific chemotactlc activity secreted 
by TNF-a-stimulated rat pulmonary artery endothelial 
cells indicates that anti-MCP 1 neutralizes native rat MCP 
1 activity. It should be noted that anti-MCP 1 had no 
blocking effect on FMLP (10 _a M)-mediated monocyte 
chemotaxls, zymosan-actlvated serum-mediated mono- 
cyte chemotaxls, or neutrophil chemotaxls (FMLP, 10~ 9 
M; zymosan-actlvated serum) (data not shown). 

Role of MCP 1 in pathogenesis of IgA immune com- 
plex-triggered alveolitis. Intravenous infusion of anti- 
MCP 1 antibody upon initiation of IgA immune complex- 
induced alveolitis resulted in a marked reduction in lung 
injury as quantified by pulmonary vascular permeability 
and pulmonary hemorrhage indices (Fig. 7; Table I). 
Analysis of BAL contents 4 h after antl-MCP 1 Infusion 
revealed a nearly 80% reduction in retrievable mononu- 
clear phagocytes compared with control animals (Table 
II). These data suggest that MCP 1 is required for the full 
development of IgA immune complex-induced alveolitis. 
The morphometric and cell retrieval data indicate that 
MCP 1 Is required for maximum pulmonary monocyte/ 
macrophage recruitment. 

DISCUSSION 

Based on in vitro studies that indicate that MCP 1/JE 
triggers monocyte chemotaxls and activation, and more 
recently, studies that have revealed either increased MCP 
1/JE mRNA levels or immunoreactive MCP 1 monocyte 
chemotactlc activity in atheromas (11, 12), granulomas 
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Figure 7. Blockade of IgA immune complex lung Injury with anti-MCP 
1 antibodies. Antl-MCP I (0.5 ml) was Infused l.v. upon Initiation of lung 
Injury. PoslUve control rats were treated Identically but received equiva- 
lent quantities of prelmmune rabbit serum (0.5 ml) In place of antl-MCP 
1. Negative control rats received intratracheal IgA anti-DNP/BSA but no 
l.v. Ag. Lung injury was quantitated by determining permeability indices 
(A) and hemorrhage Indices (B) 4 h after Instillation of antl-DNP/BSA as 
previously described (1-4). These data represent means ± SEM of two 
experiments in which five rats per variable were employed. The data were 
analyzed by one-way analysis of variance with significance assigned for 
p < 0.05 (37). •Indicates a significant difference vs positive controls. 

TABLE I 

Morphometric analysis of IgA Immune complex alveolitis: effect of 
anti-MCP 1 antibodies* 



Intervention 


Mononuclear Phagocyte 
Influx 


Alveolar Hemorrhage 


M+/40X HPF p» 


RBC/40X HPF p b 


A. Prelmmune serum (0.5 


37 ±5 


23 ±4 


ml) (positive control) 






B. Anti-MCP 1 serum (0.5 


18 ±3 <0.05vsA 


1 1 ± 3 <0.05 vs A 


ml) 






C. None (negative control) 


13 ±3 


4 + 1 



0 Immune complex alveolitis and antl-MCP 1 Interventions were carried 
out as described In Figure 7. 

6 One-way analysis of variance (37). 

(13). and transplanted murine melanomas infiltrated 
with macrophages (30), it has been suggested that MCP 
1/JE mediates monocyte/macrophage-rich pathologic 
processes. The present study suggests that MCP 1/JE 
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TABLE II 

Effect of antl-MCP 1 on alveolar macrophage retrieval in IgA 
alveolitis 0 



Treatment 


Macrophages 


ttof 


% 


Retrieved 


Total Cells 


Reduction" 


A. None (negative control) 


4.2 ± 0.62 X 10° 


93% 




B. Prclmmune serum (0.5 


9.6 ± 0.83 x 10* 


69% 




ml: l.v.J 








C. Antl-MCP I serum (0.5 


5.3 ±0.47 X 10* 


92% 


79.7% vs B 


ml: l.v.) 









° Immune complex alveolitis and antl-MCP 1 interventions were carried 
out as described In Figure 7. 

6 One-way analysis of variance (37). 



may play an important role in the development of mono- 
cyte/macrophage-dependent IgA immune complex alveo- 
litis in the rat. Infusion of antibodies directed against rat 
MCP 1 into rats with developing IgA immune complex- 
induced alveolitis resulted in a marked decrease in lung 
injury. 

Critical to this study was to clone and express rat MCP 
1 . We chose the baculovirus/insect cell expression sys- 
tem because it has been successfully used to express 
other eukaryotic genes as nonfusion proteins (reviewed 
in Reference 29). Proteins produced in this expression 
system undergo post-translational processing and have 
been obtained in relatively large amounts (reviewed In 
Reference 29). We cloned rat. MCP 1 cDNA from rat 
pulmonary artery endothelium stimulated with TNF-a 
because others have observed that TN Fa-stimulated hu- 
man endothelial cells produce MCP 1 (26-28) and be- 
cause we had previously detected markedly increased 
levels of rat MCP 1 mRNA in TNF-a-stlmulated rat en- 
dothelium (M. L. Jones and J. S. Warren, unpublished 
data). Sf-21 cells infected with AcMCP 1 produced rela- 
tively large quantities of biologically inactive rat MCP 1. 
Solubilization and refolding of MCP 1 contained in Sf-21 
cell lysate pellets yielded monocyte-specific chemotactic 
activity. 

Yoshlmura et ai. recently cloned rat MCP 1 cDNA from 
Con A-stimulated rat spleen cells (18). The rat MCP 1 
cDNA sequence published by Yoshlmura et ai. is in agree- 
ment with the sequence of rat JE genomic DNA reported 
by Timmers et al. (31). The deduced amino acid sequence 
of rat MCP 1 bears a strong degree of homology to both 
human and mouse MCP 1 (32-34). In the present study, 
SDS/PAGE analysis indicated that the rat MCP 1 species 
expressed in the baculovirus/insect cell expression sys- 
tem have m.w. of approximately 18 kDa, 21 kDa, and 23 
kDa. A shift in the predominant protein species from 23 
kDa (and to a lesser extent, 21 kDa). to 16- to 18-kDa 
species in tunicamycin-treated Sf-21 cell cultures sug- 
gests that the two larger species are glycosylated. A m.w. 
of 16 to 18 kDa agrees with the m.w. of unprocessed rat 
MCP 1 predicted by Its open reading frame (18). Yoshl- 
mura et al. reported a 1 4-kDa monocyte-specific chemo- 
tactic activity in the supernatants of rat malignant fi- 
brous histiocytoma cell lines (MFR 1 1) that express high 
levels of MCP 1 mRNA (18). A m.w. of 14 kDa approxi- 
mates the predicted size of mature secreted (cleaved) rat 
MCP 1 in which the N terminus appears to be the gluta- 
mine located at position 24 (18). Amino acid sequence 
data from mature native human MCP 1 indicates that it 
starts with a glutamine at position 24, The predicted N- 
terminal amino acid sequence of unprocessed rat MCP 1 
is hydrophobic, typical of a signal peptide, and consistent 
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with the observation that MCP 1 is a secreted protein. 

As reported for various other proteins expressed in 
baculovlrus insect cells (35). rat rMCP 1 was biologically 
inactive until it was denatured (in 8 M urea and 10 mM 
2-ME) and then refolded by dialysis against cold HBSS 
containing 1 mM 2-ME. The refolded 21 -kDa and 23-kDa 
rat MCP 1 species produced in this study were active in 
the monocyte chemotaxis assay at concentrations of ap- 
proximately 35 ng/ml. Although the proportion of rat 
MCP 1 that is active could not be determined precisely, 
comparison with the reported potency of native human 
MCP 1 (optimal activity 10~ 9 M) suggests that only a small 
proportion of rat MCP 1 {<!%) is active (9, 10). It should 
be emphasized that this is only an approximation be- 
cause native human MCP 1 and rat MCP 1 expressed 
using the baculovirus-insect cell system were not directly 
compared and because interspecies differences may in- 
fluence activity quantitated by the monocyte chemotaxis 
assay. It is presently unknown exactly how polypeptides 
are produced or stored in a soluble form in vivo but 
several mechanisms may be operative. It is possible that 
insoluble aggregate formation is favored in insect cells 
that are overexpressing a foreign protein such as MCP 1 . 
Aggregate formation may be caused by strong hydropho- 
bic and/or Ionic interactions among nascent peptides. 
Alternatively, normal protein folding may require so- 
called chaperones, proteins that regulate correct self- 
assembly of nascent peptides without themselves becom- 
ing incorporated (reviewed in Reference 36). Little is 
known about the secretion of native MCP 1 except that it 
appears to be processed via an N-terminal hydrophobic 
signal sequence (31-34). Finally, we cannot conclude 
from this study whether the monocyte chemotactic activ- 
ity observed in the 21- and 23-kDa species (in contrast 
to the 18-kDa species) is a function of glycosylation or 
more efficient refolding. 

Provision of MCP 1/JE-specific antibody was para- 
mount to this study. As noted in Figure 5, rabbit poly- 
clonal antibody raised against the 23-kDa rat rMCP 1 
species reacted with the 18-kDa. 21 -kDa, and 23-kDa 
baculovlrus expression products as would be predicted if 
these represent variably glycosylated rat MCP 1 species. 
Anti-rat MCP 1 blocked MCP 1 -triggered monocyte 
chemotaxis in a dose-dependent manner (Fig. 6). Finally, 
antl-MCP 1 selectively blocked monocyte-specific chem- 
otactic activity secreted by TNF-a-stimulated rat endo- 
thelial cells. This observation, supported by the facts that 
TNF-a-stimulated rat endothelial cells, like human endo- 
thelial cells, express increased levels of MCP 1 mRNA 
(data not shown), that the monocyte-specific chemotactic 
activity Is present in serum-free medium, and that the 
monocyte chemotactic activity has a m.w, between 8 and 
30 kDa. provides compelling evidence that anti-MCP 1 
recognizes and neutralizes native rat MCP 1. 

The in vivo data indicate that MCP 1 is required for full 
development of IgA Immune complex-induced pulmonary 
vascular leakage and hemorrhage. The lung lavage data 
(Table II) suggest that MCP 1 may play a role in recruit- 
ment of mononuclear phagocytes into the alveolar space. 
However, it is unclear whether this is a direct effect of 
local MCP 1 elaboration or a sequel to acute tissue injury 
per se. Attempts to measure MCP 1 activity in BAL fluid 
and serum were unsuccessful suggesting either that the 
amounts produced were below the level of detection by 
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bloassay (10 _, ° M) or that MCP 1 Is catabolized. com- 
plexed. or otherwise sequestered. It is also possible that 
MCP 1 is produced chiefly by the endothelium and thus 
cannot be measured by the assay methods In hand. The 
relative importance of MCP 1 as a chemotactic factor and 
as a monocyte/macrophage-actlvatlng factor remain to 
be determined in this model. Despite the issues to be 
addressed, these data indicate that MCP 1/JE plays an 
obligate role in the pathogenesis of IgA Immune complex 
alveolitis in the rat. 
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Electrode Implantation and electrophyalology. Experiments were carried 
out on freely behaving male Wistar rats (200-300 g) that had electrodes 
implanted under pentobarbitone (60mgkg _l ) anaesthesia. Recordings of field 
EPSPs were made from the CA1 stratum radiatum of the hippocampus in 
response to ipsflateral stimulation of the Sch offer collateral/coinmissural 
pathway using techniques similar to those described"*. Animals recovered at 
least U days before the start of the experiment Test EPSPs were evoked at a 
frequency of 0.033 Hz and at a stimulation intensity adjusted to give an EPSP 
amplitude of 50% of maximum. The high-frequency stimulation protocol for 
inducing LTP consisted of 10 trains of 20 stimuli, interstimulus interval 5 ms 
(200 Hz), intcrtrain interval, 2 s. Repeated stimulation with this protocol 
fails to increase the magnitude of LTP, indicating that it is almost at saturation 
for the group of synapses under observation 2 '. LTP was measured as 
mean ± s.e.m.% of baseline EPSP amplitude recorded over at least a 20-min 
baseline period. The EEG was simultaneously monitored (from the hippo- 
campal recording electrode) during all experiments so as to ensure that no 
abnormal activity was evoked by the conditioning stimulation and to monitor 
hippocampal tfaeta EEG activity. The spectral power of the EEG was measured 
after fast Fourier transformation of sweeps of 1.2 s duration. Dual pathway 
experiments, with two independent ipsilateral stimulation inputs to the same 
recording electrode, were carried out for most experiments. Lack of paired- 
pulse interaction with responses evoked in the test pathway was used as a 
criterion of independence. 

Recording apparatus and novelty exploration, lb allow tree exploration 
without extensive locomotion (which affects brain temperature and field 
potential measures of synaptic transmission 4 * 2 * 29 , the recording boxes were 
relatrvely small (0.07 or 0.08 m 2 ). Under these conditions, only very transient 
(< 10 min) and small changes (< 1 °C) in brain temperature were observed on 
entering the novel environment 

Experiments were carried out in a well lit (-750 lux, fluorescent lighting) 
room. The familiar box was made of dear perspex; whereas the novel box was 
made of Perspex covered with a thin sheet of plastic which acted as a red filter 
(>600 nm, filter factor ~3x). The boxes in the first study had different shapes 
(34 X 24 X 24 cm for the familiar, versus 32 X 2 1 X 20 cm for the novel box). 
In the other studies, an opaque barrier that separated the familiar and novel 
environments was removed at 90 min and was closed 20 min later when the 
animal was in the novel box. To make the novel environment more distinct, the 
bedding was also different (none in the familiar, versus wood shavings in the 
novel box). The bedding was changed between rats but was not changed after 
each trial for a given rat Behavioural evidence mat the animals acquired 
information about the new environment was provided by the observation that 
the animals explored less on re-exposure to the novel box on consecutive days 
(for example, 24 ± 6 versus 14 ±4 transitions between the familiar and novel 
boxes in the first 20 min on the first and third day, respectively; P < 0.05). Entry 
into the novel box did not elicit any observable stress responses either 
hormonally (plasma corticosterone, 5.2 ±1.2 versus 3 ± 0.8 jigdl " 1 in famil- 
iar box, measured by HPLQ n = 4) 2T or behaviourauy (no evidence of 
behavioural freezing, piloerection or defecation typical of stress). The animals 
were housed individually in their home cage between recording sessions. 
Statistical comparisons were made by using Friedman two-way analysis of 
variance by ranks and Mann-Whitney CZ-test where appropriate. 
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Decreased lesion formation 
in CCR2~'~ mice reveals a role 
for chemokines in the initiation 
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Chemokines are proinflammatory cytokines that function in 
leukocyte chemoattraction and activation and have recently 
been shown to block the HTV-1 infection of target cells through 
interactions with chemokine receptors 1,2 . In addition to their 
function in viral disease, chemokines have been implicated in 
the pathogenesis of atherosclerosis. Expression of the CC chemo- 
kine monocyte chemoattractant protein- 1 (MCP-1) is upregulated 
in human atherosclerotic plaques 5,4 , in arteries of primates on a 
hypercholesterolaemic diet 5 and in Vascular endothelial and 
smooth muscle cells exposed to minimally modified lipids 5 *. To 
determine whether MCP-1 is causally related to the development 
of atherosclerosis, we generated mice that lack CCR2, the receptor 
for MCP-1 (ref, 7), and crossed them with apolipoprotein (apo) E- 
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^ ^vd°P *vere atherosclerosis. Here we show 
^ejdeetfve «W of CCR2 decreases lesion formation 
markedly In apoir^ mice but has no effect on plasma lipid or 

the development of early atherosclerotic lesions and suggest 
*•» Wrfation of this chemoldne by minimally oE 
SeS fermaS^ "* ^ andlSy 

f «2f is """P 08 ^ of lipid-laden macrophages 

(foam cells) and is the precursor of more complex and dangerous 
«ion* The molecular signals that initiate monocyte/maSge 

aortic root sections from mice on the Western diet" with MOMA-2 
a macrophage-specific antibody". Macrophages were ab\uX* fa 
*• M*l space of cStf* apoKSnTS > fcd*fK 

SiirrpL 35 , 11 ?V S 5 WeekS * Wld «ost of the ceJIs to Ae 

lesion (Fig. la). In contrast, markedly fewer macrophages were 
present in the aortas of CO^apoE^ mice (FJgfSJ^SntiT 

ftSLT* mUx (Fi «- lc >- Tn«e data indicate 

that activation of CCR2 was important in recruitment of mon " 
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cytes/macrophages into the vessel wall, the earliest recoanizabfe .1™ 
ofatherosderoskStaidngwimOURedOc^firm^ 

weeks (Fig. 2). Lesion size in the CCR2 mice ™ fat,™ JslZ 
between the lesion sizes of wud-rypelmdCCW "^T, ^nnediate 
gene dosage effect (Fig. 2). AfteTTw^n „e ofet S w^ 
difference between the CCR2*'* and wild-type 
significantly iarger lesions than the C^Sc?The^u^ont 
lesion size was observed throughout the aorfcmoUnT SSSS 
Cr^i * ^ ,eaflet W wheTwSa tT mS 
fedS C^- St ^^.fT (not After l/Ed?£ 
c£p?& Sr TJf 1 h , ad %>ificwtly smaller lesions thai 
SfLw * ? m ' lesion «toelopment was decreased? 

all urne points exammed. In addition, at both 9 and 13 weekTthe 
lesions were less complex in the CCR2^ mice (not shownJTW 
data suggest that the decreased recruitmlt of mSpSS 
observed at 5 weeks reduced lesion size at the later time^n* I 
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CCR2 

Rgure 3 Lesion coverage In the aortas of CCR2"- and CCR2^ mice Whole 
eortaa from mice fed the high-fat diet for ,3 weeks were mounted "and 

animal; bam represent means. The percentage of the aortic surface covered by 
mice (n = 8) (P = 0.001. Mann-Whitney teat). 
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Table 1 Total cholesterol In serum 


i from mice on the Western diet 




Total cholesterol (mg dl" 1 ) 


Genotype v 


6 weeks 


9 weeks 13 weeks 


CCRT^epot^- 
CC«2^,epoE^ 
CCR^.apoE^ 


1916 ±281 (17) 
1809 ± 408(20) 
1681 ±431 (17) 


1947 ±376 (8) ND 
1963 ±364 (11) 1976 ±402 (10) 
1861 ±613(11) 1788±376(21) 



Values shown ere means ± a d. (numbers of mice). NO, no data. Cholesterol levels were not 
significantly different between genotypes. P - 0.1062 lor 5 weeks and P « 0.9060 for 9 
weeks by AN OVA; P - 0.1 832 for 13 weeks by Mann-Whitney test 



We next examined lesion development along the entire aorta in 
whole-mount en face preparations stained with Sudan IV. In 
animals on the Western diet for 5 and 9 weeks, less than 1% of 
the aorta was covered with lesions, and no significant differences 
between the CCR2 genotypes were observed (data not shown). At 1 3 
weeks, however, lesions covered 5.1% of the aorta in the CCR2 +/ ~ 
mice, but only 2.9% in the CCR2 W ~ mice (Kg. 3). Thus, by two 
independent techniques, lesion size was significantly reduced in the 
absence of CCR2. Longer duration studies will be required to 
determine whether the size and complexity of the lesions in the 
CCR2~ / ~ mice eventually equal those of the wild-type animals. 

To determine whether differences in lipid metabolism could 
account for the decreased atherosclerosis in the CCR2" / " mice, we 
examined plasma lipid levels and lipoprotein profiles. Total 
serum cholesterol levels were not statistically different between 
the CCR2 genotypes at any time point and were within the range 
expected for apoB^~ mice maintained on mis diet" (Table 1). In 
addition, no differences were observed in plasma triglyceride levels 
(285.6 ± 107.7m*, dT 1 , n = 6 for CCR2 +7 *; 282.8 ± 86.4 mgdT 1 , 
n = 5 for CCR2^; 307.2 ± 79.6mgdT l , h = 7 for CCR2"^). As 
analysed by gel filtration chromatography, the plasma lipoprotein 
profiles were essentially identical in wild-type and CCR2 mice 
(Fig. 4). Consistent with earlier reports, most of the cholesterol in 
apoE~ / ~ mice was contained within very-low-density lipoprotein- 
sized particles'. Lesion size in apoE w ~ mice can be influenced by 
high-density lipoprotein (HDL) levels 10 , but HDL cholesterol levels 
were very low and were unaffected by the CCR2 genotype (Fig. 4). 
These data suggest that the decreased lesion size in the CCR2"*~ mice 
was not accounted for by changes in plasma cholesterol levels or in 
the distribution of lipoprotein particles. Gupta et al li reported 
decreased atherosclerosis in interferon-7 receptor-deficient mice on 
the apoIT / ~ background and also noted an increase in plasma levels 
of apoA-IV, a potentially atheroprotective lipoprotein 14 . We found 
no difference in plasma apoA-IV concentrations 'between CCR2 +/+ 
and CCR2" / " mice (data not shown). The CCR2" 7 " mice were 
backcrossed with C57B1/6 mice, resulting in study animals that 




Fraction number 

Figure 4 Lipoprotein profile of plasma from CC R2"* and CCRT'" mice. Values are 
averages of four mice of each genotype with similartotal cholesterol levels. There 
were no significant differences In total non-HDL cholesterol (CCR2* /+ , 
1,664 ± 161 mg d!" 1 ; CCR^, 1,510 ± ZlOmgdr 1 ) or HDL cholesterol (0CRZ* 
49±27mgdl M ; CCRT 7 ", 54±3.4mgd|-') (Mann-Whitney). LDU lov*density 
lipoprotein; IDL, intermediate-density lipoprotein. 



were 87.5% C57B1/6 and 12.5% 129/Sv. Although unlikely, the 
possibility that a 129/Sv gene contributed to the differences in 
atherosclerosis cannot be completely excluded, particularly if this 
gene was linked to CCR2. 

In summary, these studies identify CCR2 as a genetic determinant 
of murine atherosclerosis and provide strong evidence for a direct 
non-cholesterol-mediated effect of MCP-1 in macrophage recruit- 
ment and atherogenesis. These results are consistent with those of 
Suzuki et aV i > who reported a role for the macrophage scavenger 
receptor in atherosclerosis susceptibility. Monocytes also express 
CCR1 and CCR5, and atherosclerosis studies of mice in which 
multiple receptors have been genetically deleted will probably be of 
great interest □ 



Methods 

Genetically modified mice. CCR2 W ~ mice 7 (hybrids of C57B1/6 and 129/ 
Svjae) were mated with apoE^~ mice' on the C57B1/6 background (N10 
C57B1/6, Jackson Labs). CCIU^poB*" mice were backcrossed with apoE^" 
mice to produce CCR2* / "\apoir'" mice; these mice were intercrossed to 
produce all three CCR2 genotype on the apoE-nufl background (873% 
C57BI/6; 12.5% 129/SvJae), The double-knockout (apoE^-,CJCRr^) mice 
were born at the expected Mendelian ratios, developed normally, and were 
disease-free while maintained in a pathogen-free environment. Mice were 
weaned at 4 weeks, fed normal rodent chow (45% fet; Ralston Purina Co.) for 
an additional week, and switched to the Western diet (21% rat, 0.15% 
cholesterol; Harlan TeUand no. 88137) at 5 weeks of age 11 . 
Quantitation of aterosclerotic lesions. Hearts and aortas were prepared 
essentially as described 1 *' 7 * except that mice were perfused with 3.0% para- 
formaldehyde in PBS and tissues were equilibrated in 20% sucrose before 
embedding in OCT compound (Tissue Tek). Atherosclerosis was assessed by 
. two independent techniques: Oil Red O staining of lesions in cross-sections 
from the aortic root and Sudan IV staining of lesions in pinned -out aortas. 
Cryosections (10 |xm) spanning 550 fun of the proximal aorta were collected, 
and every fifth section, extending 250 um in both directions from the coronary 
artery branch point, was stained with Oil Red O. Lesion areas were quantified 
with a digital colour video camera and Image- 1 /AT software as described". 
Adjacent sections were stained with haematoxylin and eosin for morphological 
analysis. Hie remainder of the aorta was opened longitudinally along the ventral 
midline from the aortic root to the iliac arteries, and the lesion area in en face 
preparations stained with Sudan IV was quantitated as described 17 . Image analysis 
was performed by a trained observer blinded to the genotype of the mice. 
Immunohlstocriemlstry. Serial cryosections collected at 50- pun intervals were 
stained with a monoclonal rat antibody to the mouse monocyte-macrophage 
marker MOMA-2 (Biosource International Camarillo, CA; 1:400 dilution), 
followed by detection with biotinykted secondary antibodies and streptavidin- 
horseradish peroxidase (PharMingen, San Diego). The signal was enhanced 
with the NEN DuPont Tyramide Signal Amplification kit, and sections were 
counterstained for nuclei with SYTOX green (Molecular Probes, Eugene, OR). 
Fluorescent images were captured into Image- 1 as described above. Data 
represent the average area of MOMA-2 staining from 6-8 sections per mouse. 
Lipid analysis. Cholesterol and triglyceride concentrations were determined 
with colorimetric assay kit (Spectrum cholesterol kit, Abbott Labs; GPO 
triglyceride kit, Bochringer Mannheim). Cholesterol levels were measured in 
serum of nonfested mice collected at the time of killing, and triglycerides were 
assayed in plasma obtained after a 4-h fast For lipoprotein analysis, plasma was 
prepared from blood collected by retro-orbital puncture into tubes containing 
BDTA (1 mM) and aprotinin (1 13 X 10 s Uml" ! , ICN). Plasma samples from 
individual mice (50 ui in a total volume of 300 ui) were fractionated by FPLC 
on a Superpose 6 column (HR 10/30, Pharmacia LKB) as described ,6 , ApoA-IV 
levels in plasma were determined by gradient gel electrophoresis (SDS-PAGB, 
4-15% Tris-HCl Ready Gel; Bio-Rad) of very-low-density lipoprotein (frac- 
tions 17-19; Fig 4) from four CCR2 +/+ and four CCR2~*~ mice, followed by 
western blot analysis with a rabbit polyclonal antibody against rat apoA-IV 
(generously provided by Karl Weisgraber, Gladstone Institute of Cardiovascu- 
lar Disease). 

Statistical analysis. For analysis of lesion size, comparisons between groups 
were performed using the Kruskal-Wallis nonparametric ANOVA or Mann- 
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Whitney l/test The Spearman rank order correlation was used to analyse the 
relationship between CCR2 gene dosage and lesion area. Instat 2.01 software for 
the Macintosh was used for all calculations. 
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defective in leptin (ob/ob) 4 or its receptor («*&/<*&) IUI > has never 
been explained. Impaired cell-mediated immunity 1 ' 5 and reduced 
levels of leptin 7 are both features of low body weight in humans. 
Indeed, malnutrition predisposes to death from infectious 
diseases". We report here that leptin has a specific effect on T- 
lymphocyte responses, differentially regulating the proliferation 
of naive and memory T cells. Leptin increased Thl and suppressed 
Th2 cytokine production. Administration of leptin to mke reversed 
the immunosuppressive effects of acute starvation. Our findings 
suggest a new role for leptin in linking nutritional status to cognate 
cellular immune function, and provide a molecular mechanism to 
account for the immune dysfunction observed in starvation. 

Most immune responses are orchestrated by CD4 + helper T cells 
(Th). We first determined the effect of leptin on Th responses in the 
context of the mixed-lymphocyte reaction (MLR) resulting from 
the culture of T cells with major histocompatibility complex 
(MHC)-incompatible (allogeneic) stimulator cells. The doses of 
leptin used in these experiments were chosen to incorporate the 
range of serum levels measured in humans 17 . Leptin induced a 
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Nutritional deprivation suppresses immune function 1 " 5 . The 
cloning of the obese gene and identification of its protein product 
leptin 4 has provided fundamental insight into the hypothalamic 
regulation of body weight 5 * 6 . Circulating levels of this adipocyte- 
derived hormone are proportional to fat mass 4,7 but maybe lowered 
rapidly by fasting 1 ' 9 or increased by inflammatory mediators 10 * 11 . 
The impaired T-cell immunity of mice 13 * 19 now known to be 
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Figure 1 Leptin enhances the alloproliferetlve response, a, b, Thymidine 
incorporetfon In the presence of leptin in an MLR performed using human PBLa 
as responder and MHOmiamatched PBMCa as stimulator cells (a) or highly 
purified CD4* T cells as responders as a responder/stlmulator ratio of 1:1 (b) (6 
experiments), c Preincubation of either responder CD4* T cells or irradiated 
stimulator allogeneic monocytes with 10 nM leptin before co-oulture in the 
absence of leptin. d, MLR using murine heterozygous dbfr (H-2*) and 
homozygous db fdb (H-2") spienocytes a8 responders with Irradiated C57BL/0 
allogeneic spienocytes (3 experiments). Ail data are expressed as mean 
c.p.m. of triplicate cultures ± s.e.m. 
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POTENTIAL ROLE OF MONOCYTE CHEMOATTRACTANT PROTEIN 1/JE IN 
MONOCYTE/MACROPHAGE-DEPENDENT IgA IMMUNE COMPLEX 

ALVEOLITIS IN THE RAT 1 



MICHAEL L. JONES, MICHAEL S. MULLIGAN, CRAIG M. FLORY, 
PETER A. WARD, and JEFFREY S. WARREN 2 

From the Department of Pathology, University of Michigan Medical School Ann Arbor, Ml 48109-0602 



We have examined the role of monocyte chemo- 
attractant protein 1 (MCP 1) in the pathogenesis of 
monocyte/macrophage-dependent IgA immune 
complex alveolitis in the rat. Rat MCP 1 was cloned 
and expressed in order to facilitate analysis of its 
function in rat models of human disease. A cDNA 
library was constructed from rat pulmonary artery 
endothelial cells stimulated with TNF-a. The cDNA 
library was screened with synthetic oligonucleotide 
probes based on the recently published rat MCP 1 
cDNA sequence. Among numerous MCP 1 -positive 
clones, four full length (approximately 480 bp) cDNA 
were rescued, amplified by polymerase chain reac- 
tion, and ligated into a pJVETLZ baculovirus trans- 
fer vector. Spodoptera frugiperda insect cells (Sf- 
21) infected with baculovirus recombinants (Auto- 
grapha californica nuclear polyhedrosis virus) 
bearing properly oriented MCP 1 cDNA (AcMCP 1) 
directed the expression of unique peptides of 18, 21 , 
and 23 kDa. Treatment of AcMCP 1 -infected Sf-21 
cells with tunicamycin resulted in reduced produc- 
tion of the 21- and 23-kDa proteins and an increase 
in 16- to 18-kDa products, the predicted size range 
of uncleaved and nonglycosylated rat MCP 1. De- 
natured and refolded 23-kDa and 21 -kDa rat MCP 1 
species exhibited dose-dependent monocyte-spe- 
ciflc chemotactic activity at concentrations as low 
as 10~ 10 M whereas the 18-kDa species exhibited 
negligible activity. Antibodies that react with the 
18-kDa, 21 -kDa, and 23-kDa MCP 1 bands by West- 
ern immunoblot, block rat rMCP 1 -directed mono- 
cyte chemotaxis, and neutralize monocyte-specific 
chemotactic activity secreted by TNF-stimulated rat 
endothelial cells were raised in rabbits immunized 
with the 23-kDa MCP 1 species. Intravenous admin- 
istration of anti-MCP 1 antibodies upon initiation of 
IgA immune complex lung injury resulted in a 
marked reduction in lung injury as measured by 
pulmonary vascular permeability, alveolar hemor- 
rhage, and pulmonary monocyte/macrophage re- 
cruitment. These data suggest that MCP 1 may play 
an important role in the pathogenesis of monocyte/ 
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macrophage-dependent IgA immune complex alveo- 
litis in the rat. 

Despite the putative importance of IgA In diseases such 
as IgA nephropathy, Henoch-Schonlein purpura, derma- 
titis herpetiformis, and some cases of SLE, little is known 
about the pathogenesis of IgA-triggered tissue injury. We 
previously described an IgA immune complex-mediated 
lung injury model in the rat (1 , 2). In contrast to various 
models of IgG immune complex-mediated tissue injury, 
IgA-induced injury develops fully in neutrophil-depleted 
rats (2). IgA immune complex lung injury requires an 
intact C system and is oxygen radical mediated {1. 2). 
Ultrastructural cytochemical analysis suggests that local 
production of H 2 0 2 by mononuclear phagocytes is an 
important effector mechanism in IgA lung injury (3). In 
IgA lung injury monocytes and macrophages are recruited 
into the parenchyma and can be retrieved in BAL 3 fluid 
during the development of injury. In contrast to IgG im- 
mune complex lung injury, In which locally produced TNF 
mediates neutrophil recruitment, negligible TNF activity 
can be detected in the BAL fluid of rats with IgA lung 
injury (4). The mechanisms through which monocytes 
and macrophages are recruited into the lungs of rats with 
evolving IgA immune complex-triggered alveolitis are un- 
known. A potential mediator of monocyte and macro- 
phage recruitment is the monocyte chemoattractant, 
MCP1. 

MCP 1 , known also as monocyte chemotactic and acti- 
vating factor, is now known to be identical to the murine 
JE gene product (5). JE was described in 1983 as a gene 
that is expressed in mouse 3T3 fibroblasts after stimu- 
lation with platelet-derived growth factor (6). Although 
the JE gene product was not Identified until later, its 
cellular sources and the stimuli promoting its expression 
were studied extensively (reviewed in Reference 7). MCP 
1 is secreted either constitutively, or after induction with 
mitogens, cytokines, or growth factors, in a variety of cell 
types including lymphocytes, fibroblasts, endothelium, 
smooth muscle, and several tumor cell lines (reviewed in 
Reference 7). In vitro studies indicate that MCP 1 can 
enhance the tumoristatic activity of monocytes against 
several lines of tumor cells and that it is a potent chem- 
otactic factor for monocytes (7-10). 

Although in vitro studies have provided invaluable in- 

3 Abbreviations used In this paper: BAL. bronchoalveolar lavage; MCP 
1. monocyte chemoattractant protein 1; PCR. polymerase chain reaction; 
Sf-21. Spodoptera Jrugtperda-21: AcNPV, Axitographa cattforntca nu- 
clear polyhedrosis virus; AcMCP 1. Autographa californica MCP 1; T- 
TBS.Tween-Tris-buffered saline; moi, multiplicity of Infection: DNP-BSA, 
dinltrophenol-conjugated BSA. 
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sights Into the potential functions of MCP 1. little is 
known about its role in physiologic or pathologic proc- 
esses. The in vitro activities ascribed to MCP 1 suggest 
that it may be of fundamental importance as an inducer 
of the monocyte/macrophage-rich lesions that are char- 
acteristic of such pathologic processes as atherosclerosis, 
chronic inflammation, infiltration of tumors by mono- 
cytes, and granulomatous inflammation. Indeed, recent 
immunohistochemical and in situ hybridization analyses 
have revealed MCP 1 expression within macrophage-rich 
foci of atherosclerotic lesions in human and rabbit arter- 
ies (1 1 , 12), Northern hybridization analyses of whole rat 
lungs containing glucan-induced granulomas indicate 
that MCP 1 gene expression is up-regulated during gran- 
uloma formation (13). Analyses of the biologic function 
of MCP 1 in such processes have not yet been carried out. 
In order to study the functional role of this mediator in 
rat models of human disease we cloned and expressed 
rat MCP 1. 

In this study, we addressed the pathophysiologic role 
of MCP 1 in IgA immune complex-induced lung injury in 
the rat. This is an Ideal model because lung injury Is 
mediated by monocytes and macrophages and can be 
quantltated using several parameters. The data suggest 
that MCP 1 may play an Important role In the pathogen- 
esis of IgA Immune complex alveolitis in the rat. 

MATERIALS AND METHODS 

Materials, Spodopterafrugiperda insect cells (Sf-21; B821-01), 
wild-type baculovlrus stock [Autographa californica nuclear poly- 
hedrosts virus; AcNPV), 0-galactosldase recombinant stock [Acp- 
JVETLZ). and AcNPV wild-type DNA were purchased from Invitro- 
gen, San Diego, CA. The pJVETLZ transfer vector, {pBlueBac; a 
modification of pJVPIO) (14), which contains the polyhedrin gene 
promoter, an Nhel restricUon site, an early transcriptase locus early 
promoter, and a /9-galactosldase-coding region, was kindly provided 
by Dr. Chris Richardson (Biotechnical Research Institute. Montreal. 
Canada). Grace's Insect cell culture medium was from GIBCO Labo- 
ratories, Grand Island. NY. FCS was from GIBCO. Streptomycin, 
penicillin, and fungizone were from Whittaker Bioproducts, Walk- 
ersville. MD. Sea plaque low melting agarose was from FMC Bioprod- 
ucts, Rockland, ME. Restriction enzymes and other molecular biol- 
ogy materials were obtained from Boehrlnger-Mannhelm Biocheml- 
cals, Indianapolis. IN; Bethesda Research Laboratories. 
Galthersburg, MD; and New England Blolabs, Boston, MA. Synthetic 
ollgodeoxynucleotldes were prepared by the DNA Synthesis Facility 
ID. L. Oxender. Ph.D.. Director). University of Michigan, Ann Arbor, 
MI. 

Rat pulmonary artery endothelial cells. Rat pulmonary artery 
endothelial cells sUmulated with human TNF-a were used for con- 
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Construction and screening oj rat cDNA library. Total RNA was 
isolated by the guanidinium-lsothiocyanate method (16) from rat 
pulmonary artery endothelial cells stimulated with human rTNF-a 
(200 U/ml) for 4 h. Poly (A) RNA was isolated by oligo(dt)-cellulose 
chromatography (16). cDNA synthesized by a modification of the 
Gubler and Hoffman method (17) was used to construct a library In 
pCDNA II (Invitrogen, San Diego, CA). pCDNA II (bearing an amplcil- 
lin-resistancegene) was electroporated into DHIaF' Escherichia coli 
cells and the library amplified on LB + ampicillin (50 jig/ml) plates. 
A ( 32 PJPCR-labeled oligodeoxynucleotlde probe (5'-TAC AGC TTC 
TTT GGG ACA CCT GCT GCT GGT GAT-3'). complementary to 
positions 160-193 of the rat MCP 1 cDNA sequence provided by T. 
Yoshimura et al. (18). was used to screen the cDNA library by high 
density plaque hybridization (16). Hybridization to nitrocellulose 
filters was carried out at 37°C In 6X SSC. 5X Denhardt's solution. 
0.05% sodium pyrophosphate, 1% SDS, 100 ^ig/ml salmon sperm 
DNA. and 10 e dpm/ml probe. Filters were washed three times for 5 
mln with 6X SSC and 0.1% SDS at 37°C. three times for 30 min at 
35°C. dried, and exposed to XAR-5 film (Kodak, Rochester. NY) at 
-70°C with Intensifying screens. Appropriately sized MCP 1 cDNA 
were selected by successful PCR (Taq polymerase; Cetus Immune) 
amplification of cDNA using primer pairs that contained Nhei re- 
striction sites and bracketed the 5' and 3' termini of the rat MCP 1 
cDNA sequence published by Yoshimura et al. (18). The primer 
sequences were: S'-ATC*** 1 AGC TAG CCT CCA CCA CTA TGC-3' 
and 3 'CTA AAC CTT ACA CTA Nhrt CGA TCG GGT GG-5'. 

Construction of the baculovlrus transfer vector. The resulting 
MCP 1 cDNA PCR product of one of the selected full length rat MCP 
1 clones (clone 2B) was cut with Nhei according to manufacturer's 
instructions (New England Blolabs) and the DNA separated in 1% 
agarose (16). The resulting band was then cut out of the gel and 
purified using the following two-mlcrofuge tube method. A hole was 
punched through the bottom of a 500-mI tube containing angel hair 
and this tube (to which the DNA sample was added) was placed 
inside of a larger mlcrofuge tube which was then centrifuged at 
14,000 rpm for 5 min. The preparation was extracted in phenol/ 
chloroform indole acetic acid, the aqueous phase precipitated in cold 
ethanoi, and the resulting DNA quantltated ( 1 6). The DNA pellet was 
then added to ligation mixes (with molar ratios of Insertrvector of 
0.5:1, 1:1. 2:1. and 4:1), which contained pJVETLZ that had been 
linearized with Nhel and phosphatased (16). As a negative control 
pJVETLZ alone was subjected to the same set of conditions. The 
ligation products (and controls) were transfected into E. coli 
lNVlaF'(DHl derivative) (Invitrogen) and amplified. MCP 1 -positive 
colonies (see plaque hybridization protocol above) were picked, grown 
overnight in fungizone ampicillin growth medium, and subjected to 
DNA extraction (mlnlprep method) (16). Preparations containing 
appropriately sized MCP 1 cDNA inserts {^480 bp) were then ana- 
lyzed for proper insert orientation. 

Proper orientation of the rat MCP 1 Insert within the pJVETLZ 
transfer vector was assessed by using the oligonucleotide primer 
pairs that were complementary to a portion of the insert containing 
rat MCP 1 (near the 3'-end) and a portion of the transfer vector at a 
site adjacent to the 5' end of the MCP 1 Insert. Using this method 
only properly oriented rat MCP 1 Inserts would be expected to yield 
an appropriately sized («480 bp) PCR product. In addition, if insert 
orientation direction was random, approximately one-half of the 
Insert-bearing vectors would be expected to yield a product. The 
primers were: "Vector" primer for pJVETLZ; 



5'-GCC GGA TTA TTC ATA CCG TC-3' and 
|-34 -from Nhel site - -15) 

"Insert" primer for rat MCP I: 3'-CTA AAC CTT ACA CTA CGA TCG GGT GG-5' 

(451 - 467) 



struction of a cDNA library. The cells were extracted from rat pul- 
monary arteries by perfusion with microcarrier beads, characterized 
as endothelial, and maintained in culture as previously described by 
Glnsburg et al. (15). Cells (sixth passage) used for RNA extraction 
were grown to confluence in 150 cm 2 T-flasks (Corning Glass. Corn- 
ing. NY). The day before RNA extraction the culture medium was 
removed, the monolayers washed twice with HBSS (GIBCO). and the 
medium replaced with RMPI 1640 (GIBCO) without serum, endothe- 
lial cell growth supplement, or heparin. Upon Initiation of stimula- 
tion, endothelial monolayers were again washed and fresh medium 
without growth factors was added along with 200 U/ml rTNF-a 
(Cetus Immune. Emeryville, CA). After 4 h, culture medium was 
collected and RNA was prepared from the endothelium as described 
below. For molecular sizing of native rat MCP 1 serum-free condi- 
tioned medium was collected after 12 h. 



Transfection of S.frugtperda cells and Isolation of recombinant 
virus. The MCP 1 -bearing transfer vector (AcMCP 1), amplified in 
£. coli INVlaF'. was mixed with wild-type AcNPV DNA (2 ng) 
and co-precipitated with calcium phosphate (16). This mixture was 
used to transfect monolayers of Sf-21 cells maintained at a density 
of 2.0 x 10 6 cells/25-mm tissue culture dish. After 4 h the transfec- 
tion mix was removed and the monolayers washed twice with Grace's 
medium. After 4 days, serial dilutions (10" 1 to 10" 8 ) of culture super- 
natant were layered onto 75% confluent monolayers of Sf-21 cells, 
incubated for 1 h, washed, and overlaid with fresh Grace's medium 
containing \% agarose (Sea plaque) and Blue-O-gal substrate (150 
jig/ml; GIBCO). The cultures were maintained for 4 days at 27°C by 
which time many cells contained occlusion bodies characteristic of 
the polyhedrin protein. Plaques devoid of occlusion bodies and pos- 
itive for 0-galactosidase expression (blue in the presence of Blue-O- 
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gal) were purified and amplified by two successive rounds of plaque 
assays. S.frugtperda cells were grown and maintained at 27°C In 
Grace's insect medium (GIBCO) supplemented with 10% PCS. peni- 
cillin (50 U/ml). streptomycin (50 Mg/ml). and fungizone (50 pg/ml) 
as described by Summers and Smith (19). For amplification of virus, 
wild-type baciilovlrus (AcNPV). or recombinant virus (AcMCP 1) was 
used to Infect Sf-21 cells at a mol of 1.0 plaque-forming units/cell. 
Negative controls included wild-type virus (AcNPV), rMCP 1 -negative 
virus (AcpJVETLZ). and noninfected Sf-21 cells. 

Production of rat MCP 1 in Sf-2 1 ceils. Recombinant virus stocks 
were grown from second passage virus in Sf-21 cells to obtain high 
titers (>10 a plaque-forming units/ml). Pilot experiments were con- 
ducted to establish the optimal mol and the optimal time after 
infection to harvest the cells. For high level rat MCP 1 expression, 
suspension cultures of Sf-21 cells (10 6 cells/ml) were Infected at mol 
- 1, and harvested 96 h after Infection by centrifugatlon (700 x g). 
Pelleted cells were washed with Tris/Cl (50 mM: pH 7). 1 mM dlthi- 
othreltol and 250 mM sucrose, resuspended in 0. 1 vol Tris/Cl (50 
mM; pH 7). 1 mM dlthlothreitol and 0.5 M NaCl, and then subjected 
to three freeze-thaw cycles in liquid nitrogen. Culture supernatants. 
cell pellet lysates (after DNA was sheared by three passes through a 
25-gauge needle), and resuspended (0. 1 vol: 50 mM Tris/Cl, pH 7. 1 
mM dlthlothreitol) cell pellets were used In subsequent analyses and 
preparations. 

Characterization of AcMCP 1 expression products. Proteins ex- 
pressed by AcMCP 1 and negative controls (uninfected Sf-21 cells, 
Sf-21 cells infected with wild-type baculovirus (AcNPV), and Sf-21 
cells transfected with expression vector alone (AcpJVETLZ)) were 
characterized by SDS/PAGE under reducing conditions on 13.5% 
gels stained with Coomassie blue R or silver (20. 21). Analysis of 
MCP 1 glycosylatlon was carried out by SDS/PAGE using Sf-21 cells 
infected with AcMCP 1 and Incubated In the presence or absence of 
tunlcamycin (10 Mg/ml). In vitro biologic activity (monocyte and 
neutrophil chemotaxis) was assessed as described below. 

Chemotaxis assays. Monocyte and neutrophil chemotaxis assays 
were carried out in parallel In 48-welt microchemotaxis chambers 
as described by Falk et al. (22). Cell suspensions (2.25 x 10 s cells/ 
well) were added to the top well of the chamber and permitted to 
migrate through 10 polycarbonate membranes (5 j*m porosity for 
monocytes and 3 fim porosity for neutrophils) toward sample-bearing 
bottom chambers. After a 4-h incubation (37°C. 5% C0 2 . humidified) 
membranes were removed and the n on migrating cells wiped off. The 
membranes were then fixed for 10 mln in absolute methanol, air 
dried, and stained for 30 mln in 2% toluldine blue. The numbers of 
cells migrating through the membrane were counted in three ran- 
dom. 10-mm grids at 400 x, with the mean ± SEM calculated for 
triplicate samples. Results are expressed as normalized values rep- 
resenting the percent of maximum FMLP (10" B or 10" 9 M: as indi- 
cated) positive control, minus negative controls (buffer alone). Pe- 
ripheral blood human monocytes (80% to 85%) were isolated by 
centrifugatlon through Flcoll-Hypaque (Sigma. St. Louis. MO) and 
Sepracell-MN (Sepratech, Oklahoma City, OK) as described by Vis- 
sers et al. (23). Peripheral blood human neutrophils (91% to 96%) 
were Isolated by centrifugatlon through Ficoll-hypaque as described 
by Boyum (24). 

Protein solubilization and refolding. Freeze-thaw lysates from 
AcMCP 1 -Infected Sf-21 cells were subjected to preparative SDS- 
PAGE (12.5%). Unfixed, unstained 18-kDa. 21-kDa, and 23-kDa 
MCP 1 bands, and where indicated, a 44-kDa baculovlral protein 
band, were cut out and electroeluted into 8 M urea plus 10 mM 2- 
ME. This was dlalyzed against 2000 volumes of (1 mM) 2-ME in 
HBSS (48 h, 4°C). 

Rabbit polyclonal antl-MCP 1. Polyclonal rabbit anti-rat MCP 1 
was raised against the 23-kDa MCP 1 in 3 kg New Zealand White 
rabbits (Charles River Laboratories, Wilmington. MA) Immunized 
with MCP 1 (50 Mg) emulsified In Hunter's TiterMax (CytRx, Norcross, 
GA) and boosted after 1 month with MCP 1 (25 /tg). Where Indicated, 
the resulting antiserum was affinity purified using a protein A 
Sepharose column (Sigma). Anti-MCP 1 serum was diluted 1/1 with 
PBS (100 mM phosphate, pH 8.0. and 150 mM NaCl) and applied 
slowly to the PBS-washed column. After extensive washing with 
PBS, the column was stripped with 100 mM sodium acetate buffer. 
pH 3.0. One milliliter fractions were collected In tubes containing 
50 pi of 1 M Trls buffer. pH 8.0. The affinity-purified IgG fraction 
was then dlalyzed against PBS. 

Western tmmunoblot Sf-21 cell pellet lysates were subjected to 
SDS/PAGE (12.5%) according to the method of Laemmll (20). The 
separated proteins were transblotted to nitrocellulose (0.45 /im; BIo- 
Rad, Richmond, CA) for 1 h at 12 V with a Genie transblot apparatus 
(Ideal Scientific. Corvallis. OR). After transfer, the membrane was 
blocked with T-TBS (20 mM Trls-HCl. pH 7.5; 500 mM NaCl; 0.05% 
Tween 20) (v/v) containing 3% BSA, Cohn fraction V, (Sigma) for 2 
h at room temperature. After removal of the blocking solution, the 
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blot was washed with T-TBS (5 mln; three times). Primary antibody 
(affinity-purified rabbit anti-rat MCP 1; 1 mg/ml) was then added at 
final concentration of 50 Mg/ml In T-TBS with 1% BSA (v/v) and 
Incubated for 1 h. The primary antibody was decanted and the 
membrane washed as described above. After the final wash, second- 
ary antibody (goat anti-rabbit IgG alkaline phosphatase-conjugated 
antibody (Blo-Rad) was added at a final dilution of 1/3000 in T-TBS 
with 1 % BSA, and incubated for 1 h. The membrane was washed as 
above and the bands developed by addition of alkaline phophatase 
substrate solution (5-bromo-4-chloro-3-indoyl phosphate and nitro- 
blue tetrazolium in 10 mM Trls; pH 9.5). Rainbow m.w. markers 
(Amersham, Arlington Heights. IL) were used to estimate m.w. 

IgA antibodies and DNP/BSA Ag. Affinity-purified monoclonal 
IgA (MOPC 315) directed against DNP-BSA was purchased from 
Sigma. Dinitrophenol-congjugated BSA was prepared according to 
the method of Eisen (25). The resulting Ag preparation contained an 
average of 50 DNP groups/BSA molecule. 

Rat IgA immune complex-Induced alveolitis. Male Long-Evans 
pathogen-free rats (350 g; Charles River) were used for all studies. 
Intraperitoneal injections of ketamlne (2.5 to 5.0 mg/100 g body 
weight) and sodium pentobarbital (5 mg/100 g body weight) were 
given for sedation and anesthesia. IgA Immune complex lung injury 
was Induced as previously described (1-4). Antibody solution (IgA 
antl-DNP/BSA; 400 /ig) was instilled into the lungs through a tra- 
cheal cannula. In all cases, a final volume of 300 p] was instilled 
into the lungs. Ag (DNP-BSA; 3.3 mg) was Injected l.v. Rats were 
killed at the Indicated times, lung injury was quantltated. and BAL 
fluid was harvested. Anesthetized rats were exsanguinated through 
inferior vena caval section before removal of lungs, thus resulting 
in negligible contamination of lungs with blood. Pulmonary Injury 
was quantltated by permeability, hemorrhage, and morphometric 
measurements. Permeability indices were calculated by comparing 
the leakage of ,25 l-labeled bovine 7-globuHn from the circulation into 
the lung to the ,25 MabeIed colloid remaining In 1 ml of blood as 
previously described (1-4). Hemorrhage indices were calculated by 
comparing the leakage of * l Cr-labeled RBC from the circulation into 
the lung to the 5, Cr-labeled RBC remaining in 1 ml of blood as 
previously described (1-4). Intravenous antl-MCP 1 or prelmmune 
serum was Infused at time zero. 

Morphometric analysis of mononuclear phagocyte recruitment 
and alveolar hemorrhage. Lung samples (1 mm 3 ) were excised from 
the peripheral aspect of whole lungs that had been fixed in 4% 
glutaraldehyde under constant pressure inflation (25 cm H a O) (4). 
Samples were washed in 0. 1 M cacodylate buffer (pH 7.3). embedded 
In 1 nm thick plastic sections, and stained with toluldine blue. Use 
of 1-mm 3 samples from the peripheral aspects of Inflated lung 
results in sections that contain no large bronchial structures. (Large 
bronchial structures are defined as muscular airways lined by res- 
piratory epithelium). Plastic embedding (1 jim thick) allows very high 
morphologic resolution, thus allowing virtually all alveolar and al- 
veolar septal cells to be easily Identified. Morphometric analysis of 
mononuclear phagocyte recruitment and alveolar RBC (hemorrhage) 
was carried out by a pathologist (J. S. Warren) who was blinded to 
sample origin. For each condition, five samples were examined. In 
each sample, 45 to 60 randomly selected 40x microscopic fields 
(high power field) were analyzed. 

Analysis of BAL fluid. Lung lavage contents for cell counts were 
collected using 5 ml of 37°C. serum-free RPMI 1640 (3. 4). At least 
90% of the administered fluid was always recovered, centrifuged 
(400 x g; 7 mln) to separate cells, and the cells were counted. There 
was no systematic difference In BAL fluid recovery between control 
and experimental groups of rats. 

RESULTS 

Rat MCP 1 cDNA cloning. Several studies have revealed 
that stimulation of human umbilical vein endothelial 
cells with TNF-a results in the expression of MCP 1 and 
the secretion of amonocyte-speciftc chemotactic protein 
(26-28). Accordingly, we constructed a cDNA library 
from rat pulmonary artery endothelial cells stimulated 
with human TNF-a and cloned a full length rat MCP 1 
cDNA. The cDNA library, which contained greater than 
1 .2 x 10 6 ampicillin-resistant recombinants, was initially 
screened with an ollgodeoxynucleotide probe that was 
complementary to positions 160-193 of the rat MCP 
cDNA sequence published by Yoshimura et al. (18). 
Among numerous MCP 1 -positive colonies, four yielded 
products after PCR in which primers that bracketed the 
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5' and 3' termini of the published rat MCP 1 cDNA open 
reading frame were employed (18). Plasmld DNA prepa- 
rations prepared from these four clones each yielded 
fragments of approximately 500 to 700 bp after digestion 
with BamHI and Spel (polylinker sites in the pCDNA II 
cloning vector). One cDNA clone (clone 2B) was then 
amplified by PCR using primer pairs that contained Nhel 
restriction sites and bracketed the 5' and 3' termini of 
the rat MCP 1 cDNA sequence. 

Expression of rat MCP I in a baculovirus system. The 
baculovirus AcNPV is a helper-Independent expression 
vector that has been used successfully to express several 
eukaryotic genes (reviewed in Reference 29). A rat MCP 
1 expression vector was prepared by ligating the full 
length MCP 1 cDNA clone 2B (at varying insert:vector 
ratios) into pJVETLZ. Although successful ligations oc- 
curred at each insert: vector ratio employed (0.5:1, 1:1, 
2:1, 4:1), a 1:1 ratio was used for this construction be- 
cause it yielded the maximum number of products bear- 
ing single insert copies (data not shown). Proper orienta- 
tion of the rat MCP 1 insert within the pJVETLZ transfer 
vector was assessed using the PCR with oligonucleotide 
primer pairs that were complementary to a portion of the 
Insert containing rat MCP 1 (near the 3' end) and a 
portion of the transfer vector at a site adjacent to the 5' 
end of the MCP 1 insert. Of seven MCP 1 -bearing transfer 
vectors, four yielded PCR products that indicated proper 
insert orientation (Fig. 1). Using this method only prop- 
erly oriented MCP 1 inserts would be expected to yield an 
appropriately sized (481 -bp) PCR product. In addition, if 
the insert orientation Is random, approximately one-half 
of the insert-bearing vectors would be expected to yield a 
product. 

Recombinant virus (AcMCP 1) was obtained by homol- 
ogous in vivo recombination between wild-type virus 
(AcNPV) and the MCP 1 -bearing transfer vector. Recom- 
binant viruses were purified by two serial passages as 
described in Methods. Sf-21 cells were infected with 
rAcMCP 1 (third passage), recombinant virus lacking the 
MCP 1 insert (AcpJVETLZ), or wild-type virus (AcNPV). 
Uninfected Sf-21 cells were also included as an additional 
negative control. AcMCP 1 directed the expression of 18- 
kDa, 21-kDa, and 23-kDa bands that were not present 
in uninfected Sf-21 cells or in Sf.21 cells infected with 
either AcNPV or AcpJVETLZ (Fig. 2). The yield of rat 
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5*-GCC GGA TTA TTC ATA CCG TC«3* 
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Figure J. Proper orientation of rat MCP i [RMCP J) In the pJVETLZ 
transfer vector. Lanes 2,3, 5, and 7 contain rat MCP 1 insert llgated into 
pJVETLZ In the proper 5 f -» 3' orientation. The four property oriented 
PCR products (fanes 2, 3, 5, and 7) migrate above the 0:39^kb size marker, 
at a location consistent with the expected 481 -bp PCR product. PCR 
products were elect rophoresed through 0.9% agarose and stained with 
ethldium bromide. 
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Figure 2. Expression of rat MCP 1 in Sf-21 cells. Sf-2 1 cells, grown at 
a density of 2.0 x 10V25-mm culture dish, were Infected with AcMCP 1 
(fane J j, wild- type virus (AcNPV) (lanes 2 and 4). no virus (untreated Sf ♦ 
21 cells) (lane 3), and recombinant virus lacking an MCP 1 Insert (Acp- 
JVETLZ) [lane 5). Proteins bands of 1 8 kDa. 2 1 kDa. and 23 kDa [arrows] 
are present only in Sf-21 cells infected with AcMCP 1. These cells were 
harvested 96 h after Infection and lysed in 100 td 50-ihM Tris/CJ, pH 7, 
and 1 mM dlthlothreitol. After addition of SDS sample buffer, fractions 
were boiled for 5 mtri and 20 ^1 of each applied to a 13.5% polyacrylamide 
gel (20). After electrophoresis, the gel was stained with silver according 
to the method of Wray et al. (21). Lane kd indicates m.w. markers In 
kllodaltons. 



MCP 1 per 2 x 10 fl starting Sf-21 cells increased as a 
function of time over 96 h (data not shown). Over the 
same time period. Sf-21 cells infected with AcpJVETLZ 
expressed Increasing concentrations of 0~galactosidase, 
but no protein in the 18- to 23-kDa range. No new protein 
bands were observed in Sf-21 ceils infected with AcNPV 
or in uninfected Sf-21 cells at any of the time points 
examined (data not shown). Essentially all of the staina- 
ble rat MCP I (18 to 23 kDa protein) was recovered from 
solubilized Sf-21 cell lysates. The bulk of rat MCP 1 
expressed by Sf-21 cells had a m.w. of 23 kDa. These 
data indicate that Sf-21 cells infected with AcMCP 1 
direct the expression of proteins of 18 kDa. 21 kDa, and 
23 kDa in a time-dependent manner over 96 h. 

Characterization oj rat rMCP 1. Based on an open 
reading frame of 444 bp (18). the predicted m.w. of un- 
processed rat MCP 1 is 16.3 to 18.9 kDa. We employed 
tunicamycln to determine whether the 21-kDa and 23- 
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kDa protein bands might represent glycosylated species 
of rat MCP 1 . SDS/PAGE analysis of solubillzed lysate 
pellets from Sf-21 cells incubated with tunicamycin re- 
vealed several major bands between 16 and 18 kDa and 
small residual 21 -kDa and 23-kDa bands (Fig. 3). This 
observation suggests that Sf-21 cells infected with 
AcMCP 1 express variably glycosylated protein species. 

Solubillzed lysates from Sf-21 cells infected with 
AcMCP 1 exhibited negligible monocyte or neutrophil 
chemotactic activity in vitro (data not shown). Accord- 
ingly, we sought to solubilize and renature the protein of 
interest in the hope of producing biologically active rat 
MCP 1. Cell lysates from AcMCP 1 -infected Sf-21 cells 
(96-h cultures) were subjected to SDS-PAGE. Individual 
bands (18-kDa, 21 -kDa, 23 kDa, and irrelevant 44-kDa 
baculoviral protein) were cut out, electroeluted, and sol- 
ubillzed in 8 M urea plus 1 0 mM 2-ME followed by dialysis 
for 48 h against 2000 volumes of HBSS (4°C) containing 
1 mM 2-ME. Renatured cell pellet lysates from AcMCP 1- 
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Figure 3. Effect of tunicamycin on rat MCP 1 expression. Addition of 
tunicamycin to Sf-21 cells Infected with AcMCP 1 results In the produc- 
tion or a cluster of protein bands of approximately 16 to 18 kDa. Sf-21 
cells, grown at a density of 2.0 * 10 6 /25«mm culture dish, were Infected 
with AcMCP 1 in the presence of tunicamycin (1.0 *g/ml) (lane J ). AcMCP 
1 in the absence of tunicamycin [lane 2), wild-type virus (AcNPV) {fanes 
3 and 4). no virus (uninfected Sf-21 cells) [lane 5). and recombinant vims 
lacking an MCP 1 Insert (AcpJVETLZ) (/ane 6). These cells were harvested 
at 96 h after infection and processed as described in the legend for Figure 
2. As in Figure 2. there Is a small amount of 18-kDa protein (arrow) 
produced by Sf-21 cells infested with AcMCP 1 [lane 2). 



infected Sf-21 cells exhibited no neutrophil chemotactic 
activity (data not shown). The 23-kDa and 21 -kDa rat 
MCP 1 species exhibited dose-dependent, monocyte-spe- 
clfic chemotactic activity, whereas the 18-kDa MCP 1 
species exhibited little activity (Fig. 4). As shown in Fig- 
ure 4. the irrelevant 44-kDa baculoviral protein exhibited 
no monocyte chemotactic activity. 

Characterization of anti-rat MCP J. Western immu- 
noblot analysis of anti-MCP 1 revealed specific reactivity 
with the 18-kDa, 21 -kDa, and 23-kDa rat MCP 1 species 
(Fig. 5). Anti-rat MCP 1 serum specifically blocked rat 
rMCP 1 (23 kDa)-induced monocyte chemotaxis in a dose- 
dependent manner with 95% blockade of MCP 1 (10 0 M) 
activity with undiluted anti-rat MCP 1 serum (Fig. 6). 
Equivalent concentrations of preimmune serum exhib- 
ited less than 10% blockade of MCP 1 -mediated monocyte 
chemotaxis. 

The capacity for anti-rat MCP 1 to neutralize native 
monocyte chemotactic activity was tested using TNF-a- 



B 

3 

E 



o 



o 
E 
o 



I 

8 

C 

o 




10' 



10' 9 



10" 



Protein concentration [MJ 



Figure*, Renatured rat MCP 1 exhibits In vitro monoeyte-specific 
chemotactic activity. The 23-kDa { — • — ) and 21 -kDa ( — □ — J MCP 1 
species possess potent, dose-dependent monocyte chemotactic activity. 
The 18-kDa MCP 1 species (— ) and an irrelevant 44-kDa viral protein 
( — O — ) exhibit little and no monocyte chemotactic activity, respectively. 
The data (means ± SEMJ are expressed as percentage of maximum mon- 
ocyte chemotactic response to FMLP (10"* M). The average percentage of 
input monocytes that migrated in response to FMLP (10' 8 M) was 27 ± 
4%. All samples were assayed in triplicate. 




NS 

Figure 5. Rabbit polyclonal antibody raised against the 23-kDa rat 
MCP 1 reacts with the 18-kDa. 21 -kDa. and 23-kDa rMCP 1 species. 
Western Immunoblot was carried out as described in Materials and 
Methods. Preimmune serum from rabbit 2 [NS) did not react. Lane WT 
(wild type) represents reaction between ahtl-MCP 1 antiserum taken from 
rabbit 2 and reacted against cell pellet lysates from Sf-21 cells infected 
with AcNPV. Lanes 1-1.2, 2-1. and 2- J. 2 represent anti-MCP 1 antlsera 
obtained from two different rabbits, Antlsera were heat inactivated (56°C. 
30 mln) before application. 
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Serum Dilution 

Figure 6. Neutralization of rMCP 1 monocyte chemotactlc activity with 
antl-MCP 1 serum. Data (means ± SEM; triplicate samples) are expressed 
as varying dilutions of antiserum vs monocyte chemotactlc activity ex- 
pressed as percentage of maximum response, where 100% is the response 
to 10~ 8 M MCP 1 (23 kDa). Sample chambers contained the Indicated 
dilutions of heat-inactivated prelmmune serum (•) or antl-MCP 1 serum 
(O). 

induced monocyte chemotactlc activity secreted by rat 
endothelial cells. Rat pulmonary artery endothelial cells 
stimulated with human TNF-a expressed increased MCP 
1 mRNA levels (data not shown) and secreted an 8- to 30- 
kDa monocyte-speclfic chemotactlc activity (data not 
shown), which could be blocked in a dose-dependent 
manner with anti-rat MCP 1 (62% reduction in monocyte 
chemotaxis with a 1/100 dilution of anti-MCP 1 serum). 

These data indicate that the anti-rat MCP 1 raised 
against 23-kDa rMCP 1 cross-reacts with the 18- and 21 - 
kDa rMCP 1 species and that it specifically blocks rat 
rMCP 1 functional activity in vitro. Blockade of the 8- to 
30-kDa monocyte-specific chemotactlc activity secreted 
by TNF-a-stimulated rat pulmonary artery endothelial 
cells Indicates that anti-MCP 1 neutralizes native rat MCP 
1 activity. It should be noted that anti-MCP 1 had no 
blocking effect on FMLP (10~ fi M)-mediated monocyte 
chemotaxis, zymosan-activated serum -mediated mono- 
cyte chemotaxis, or neutrophil chemotaxis (FMLP, 10" 9 
M; zymosan-activated serum) (data not shown). 

Role of MCP 1 in pathogenesis of IgA immune com- 
plex-triggered alveolitis. Intravenous infusion of anti- 
MCP 1 antibody upon initiation of IgA immune complex- 
induced alveolitis resulted in a marked reduction in lung 
injury as quantified by pulmonary vascular permeability 
and pulmonary hemorrhage indices (Fig. 7: Table I). 
Analysis of BAL contents 4 h after anti-MCP 1 infusion 
revealed a nearly 80% reduction in retrievable mononu- 
clear phagocytes compared with control animals (Table 
II). These data suggest that MCP 1 is required for the full 
development of IgA immune complex-induced alveolitis. 
The morphometric and cell retrieval data indicate that 
MCP 1 is required for maximum pulmonary monocyte/ 
macrophage recruitment. 

DISCUSSION 

Based on in vitro studies that indicate that MCP 1/JE 
triggers monocyte chemotaxis and activation, and more 
recently, studies that have revealed either Increased MCP 
1/JE mRNA levels or immunoreactive MCP 1 monocyte 
chemotactlc activity in atheromas (11, 12), granulomas 
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A. PERMEABILITY 
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Control Control 



B- HEMORRHAGE 




Control Control 



Treatment Group 

Ftgure 7. Blockade of IgA immune complex lung Injury with antl-MCP 
1 antibodies. Anti-MCP 1 (0.5 ml) was Infused I .v. upon Initiation of lung 
Injury. Positive control rats were treated identically but received equiva- 
lent quantities of prelmmune rabbit serum (0.5 ml) in place of antl-MCP 
1. Negative control rats received intratracheal IgA antl-DNP/BSA but no 
l.v. Ag. Lung injury was quantitated by determining permeability indices 
(A) and hemorrhage Indices (B) 4 h after instillation of antl-DNP/BSA as 
previously described (1-4). These data represent means ± SEM of two 
experiments In which five rats per variable were employed. The data were 
analyzed by one-way analysis of variance with significance assigned for 
p < 0.05 (37). 'Indicates a significant difference vs positive controls. 



TABLE I 

Morphometric analysis of IgA Immune complex alveolitis: effect of 
anti-MCP I antibodies 0 



Intervention 


Mononuclear Phagocyte 
Influx 


Alveolar Hemorrhage 


M4-/40X HPF p b 


R8C/40X HPF p b 


A. Prelmmune serum (0.5 


37 ±5 


23 ±4 


ml) (positive control) 






B. Anti-MCP 1 serum (0.5 


18 ±3 <0.05vsA 


1 1 ± 3 <0.05 vs A 


ml) 






C. None (negative control) 


13±3 


4 + 1 



° Immune complex alveolitis and anti-MCP 1 interventions were carried 
out as described in Figure 7. 

b One-way analysis of variance (37). 



(13). and transplanted murine melanomas infiltrated 
with macrophages (30), it has been suggested that MCP 
1/JE mediates monocyte/macrophage- rich pathologic 
processes. The present study suggests that MCP 1/JE 
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TABLE II 

EJfect of antl-MCP 1 on alveolar macrophage retrieval in IgA 
alveolitis 0 



Trent men l 


Macrophages 
Retrieved 


% of 
Total Cells 


Reduction* 


A. None (negative control) 


4.2 ±0.62 X 10° 


93% 




B. Prelmmune serum (0.5 


9.6 ± 0.83 x 10 6 


89% 




ml: i.v.) 








C. Anti-MCP I serum (0.5 


5.3 ±0.47 x 10° 


92% 


79.7% vsB 


ml; I.v.) 









■ Immune complex alveolitis and antl-MCP 1 Interventions were carried 
out as described in Figure 7. 

6 One-way analysis of variance (37). 



may play an important role In the development of mono- 
cyte/macrophage -dependent IgA Immune complex alveo- 
litis in the rat. Infusion of antibodies directed against rat 
MCP 1 into rats with developing IgA Immune complex- 
induced alveolitis resulted in a marked decrease in lung 
injury. 

Critical to this study was to clone and express rat MCP 
1 . We chose the baculovirus/insect cell expression sys- 
tem because it has been successfully used to express 
other eukaryotic genes as nonfusion proteins (reviewed 
in Reference 29). Proteins produced in this expression 
system undergo post-translational processing and have 
been obtained In relatively large amounts (reviewed in 
Reference 29). We cloned rat. MCP 1 cDNA from rat 
pulmonary artery endothelium stimulated with TNF-a 
because others have observed that TNFa-stimulated hu- 
man endothelial cells produce MCP 1 (26-28) and be- 
cause we had previously detected markedly increased 
levels of rat MCP 1 mRNA in TNF-a-stimulated rat en- 
dothelium (M. L. Jones and J. S. Warren, unpublished 
data). Sf-21 cells infected with AcMCP 1 produced rela- 
tively large quantities of biologically inactive rat MCP 1 . 
Solubilization and refolding of MCP 1 contained in Sf-21 
cell lysate pellets yielded monocyte -specific chemotactic 
activity. 

Yoshimura et al. recently cloned rat MCP 1 cDNA from 
Con A-stimulated rat spleen cells (18). The rat MCP 1 
cDNA sequence published by Yoshimura et al. is in agree- 
ment with the sequence of rat JE genomic DNA reported 
by Timmers et al. (31). The deduced amino acid sequence 
of rat MCP 1 bears a strong degree of homology to both 
human and mouse MCP 1 (32-34). In the present study, 
SDS/PAGE analysis indicated that the rat MCP 1 species 
expressed in the baculovirus/insect cell expression sys- 
tem have m.w. of approximately 18 kDa, 21 kDa, and 23 
kDa. A shift in the predominant protein species from 23 
kDa (and to a lesser extent, 21 kDa). to 16- to 18-kDa 
species in tunicamycin-treated Sf-21 cell cultures sug- 
gests that the two larger species are glycosylated. A m.w. 
of 16 to 18 kDa agrees with the m.w. of unprocessed rat 
MCP 1 predicted by Its open reading frame (18). Yoshi- 
mura et al. reported a 14-kDa monocyte-specific chemo- 
tactic activity in the supernatants of rat malignant fi- 
brous histiocytoma cell lines (MFR 11) that express high 
levels of MCP 1 mRNA (18). A m.w. of 14 kDa approxi- 
mates the predicted size of mature secreted (cleaved) rat 
MCP 1 in which the N terminus appears to be the gluta- 
mine located at position 24 (18). Amino acid sequence 
data from mature native human MCP 1 indicates that it 
starts with a glutamine at position 24. The predicted N- 
terminal amino acid sequence of unprocessed rat MCP 1 
is hydrophobic, typical of a signal peptide, and consistent 
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with the observation that MCP 1 is a secreted protein. 

As reported for various other proteins expressed in 
baculovirus insect cells (35), rat rMCP 1 was biologically 
inactive until it was denatured (in 8 M urea and 10 mM 
2-ME) and then refolded by dialysis against cold HBSS 
containing 1 mM 2-ME. The refolded 21 -kDa and 23-kDa 
rat MCP 1 species produced in this study were active in 
the monocyte chemotaxis assay at concentrations of ap- 
proximately 35 ng/ml. Although the proportion of rat 
MCP 1 that is active could not be determined precisely, 
comparison with the reported potency of native human 
MCP 1 (optimal activity 1CT 9 M) suggests that only a small 
proportion of rat MCP 1 (<1%) is active (9, 10). It should 
be emphasized that this is only an approximation be- 
cause native human MCP 1 and rat MCP 1 expressed 
using the baculovirus-insect cell system were not directly 
compared and because interspecies differences may in- 
fluence activity quantitated by the monocyte chemotaxis 
assay. It is presently unknown exactly how polypeptides 
are produced or stored in a soluble form in vivo but 
several mechanisms may be operative. It is possible that 
insoluble aggregate formation is favored in insect cells 
that are overexpressing a foreign protein such as MCP 1 . 
A gg re g a te formation may be caused by strong hydropho- 
bic and/or ionic interactions among nascent peptides. 
Alternatively, normal protein folding may require so- 
called chaperones, proteins that regulate correct self- 
assembly of nascent peptides without themselves becom- 
ing incorporated (reviewed in Reference 36). Little is 
known about the secretion of native MCP 1 except that it 
appears to be processed via an N-terminal hydrophobic 
signal sequence (31-34). Finally, we cannot conclude 
from this study whether the monocyte chemotactic activ- 
ity observed in the 21- and 23-kDa species (in contrast 
to the 18-kDa species) is a function of glycosylation or 
more efficient refolding. 

Provision of MCP 1/JE-specific antibody was para- 
mount to this study. As noted in Figure 5, rabbit poly- 
clonal antibody raised against the 23-kDa rat rMCP 1 
species reacted with the 18-kDa, 21 -kDa, and 23-kDa 
baculovirus expression products as would be predicted if 
these represent variably glycosylated rat MCP 1 species. 
Anti-rat MCP 1 blocked MCP 1 -triggered monocyte 
chemotaxis in a dose-dependent manner (Fig. 6). Finally, 
antl-MCP 1 selectively blocked monocyte-specific chem- 
otactic activity secreted by TNF-a-stimulated rat endo- 
thelial cells. This observation, supported by the facts that 
TNF-a-stimulated rat endothelial cells, like human endo- 
thelial cells, express increased levels of MCP 1 mRNA 
(data not shown), that the monocyte-specific chemotactic 
activity Is present in serum-free medium, and that the 
monocyte chemotactic activity has a m.w. between 8 and 
30 kDa, provides compelling evidence that anti-MCP 1 
recognizes and neutralizes native rat MCP 1 . 

The in vivo data indicate that MCP 1 is required for full 
development of IgA immune complex-induced pulmonary 
vascular leakage and hemorrhage. The lung lavage data 
(Table II) suggest that MCP 1 may play a role in recruit- 
ment of mononuclear phagocytes into the alveolar space. 
However, It is unclear whether this is a direct effect of 
local MCP 1 elaboration or a sequel to acute tissue injury 
per se. Attempts to measure MCP 1 activity in BAL fluid 
and serum were unsuccessful suggesting either that the 
amounts produced were below the level of detection by 
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bioassay (10" 10 M) or that MCP 1 Is catabolized. com- 
plexed, or otherwise sequestered. It is also possible that 
MCP 1 is produced chiefly by the endothelium and thus 
cannot be measured by the assay methods in hand. The 
relative importance of MCP 1 as a chemotactic factor and 
as a monocyte/macrophage-activatlng factor remain to 
be determined in this model. Despite the issues to be 
addressed, these data indicate that MCP 1/JE plays an 
obligate role in the pathogenesis of IgA Immune complex 
alveolitis in the rat. 
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